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I 


i hes scientific analysis of psychical phenomena must, I believe, aim 

to explain these phenomena according to laws of physical chem- 
istry. I know very well that many people would hold that even a com- 
plete physico-chemical analysis of all psychic phenomena must still 
leave the “truly psychical” unexplained. I do not agree with such 
an opinion, but as we are to-day still very far from the ideal of a com- 
plete physico-chemical analysis of psychical phenomena, there is noth- 
ing to be gained by quarrelling about just how much scientific illumina- 
tion and satisfaction we shall attain when that goal is once reached. 
On the second point, however, a general agreement may be reached, 
namely, first, that we must undertake and carry out a physico-chemical 
analysis of psychical phenomena; and, second, that for such an analysis 
the same principles of investigation are required as for the physico- 
chemical analysis of the very much simpler processes in inanimate 
nature. 

Twenty-two years ago I came to the conclusion that what we call 
“will” in many lower animals is nothing but the phenomena of 
tropisms well known in plants, especially through the work of Sachs. 
In a series of articles, of which the first two appeared? in January, 
1888, I have tried to establish this view, and I will now summarize the 
facts briefly, and try to do away with some of the difficulties which 
zoologists and psychologists have experienced in applying my theories. 
To my mind the essential value of my theory lies in the preparation 

*Lecture given at the Sixth International Psychological Congress at 
Geneva, 1909. Published by Johann Ambrosius Barth, Leipzig, 1909. (Trans- 
lated by Grace B. Watkinson, New York, February, 1911.) 

? Loeb, Sitzungsber. der Wirzburger Physik.-Med. Geselisch., 1888. 
VOL. LXXXI.—8. 
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it gives for the application of the law of mass action (and other physico- 
chemical laws) to phenomena which usually form the material for 
psychological speculation. To make possible a better understanding of 
my lecture, let me mention briefly how I came to hold the views set 
forth here. 

The writings of the metaphysicians on the will in nature led me to 
an experimental analysis of the nature of will. When in my first years 
at the university Munk’s investigations on the cerebral cortex fell into 
my hands I believed that here was a starting point toward my goal. 
Munk stated that he had succeeded in proving that every memory 
image in a dog’s brain is localized in a particular cell or group of cells 
and that any one of these memory images can be extirpated at will. 
Five years of experiments later with extirpations in the cerebral cortex 
proved to me without doubt that Munk had become the victim of an 
error and that the method of cerebral operations can really give only 
data concerning the nerve connections in the central nervous system 
but teach practically nothing about the dynamics of brain processes. 

A better way seemed to lie in the comparative psychology of the 
lower animals in which the memory apparatus is developed but slightly 
or not at all. It seemed to me that some day it must become possible 
to trace the apparently random movements of animals back to general 
laws, just as definitely as it has been done for the movements of the 
planets, and that the word “animal will” is only the expression 
of our ignorance of the forces which prescribe for animals the direc- 
tion of their apparently spontaneous movements just as unequivocally 
as gravity prescribes the movements of the planets. For if a savage 
could directly observe the movement of the planets and should begin 
to ponder over it, he would probably come to the conclusion that a 
“will action” guides the movements of the planets, just as a chance 
observer is inclined to assume that “ will” causes animals to move in a 
given direction. 

The scientific solution of the problem of will seemed to consist in 
finding the forces which unequivocally determine the movements of 
animals, and in discovering the laws according to which these forces 
act. Experimentally, the solution of the problem of will must take the 
form of forcing, by external means, any number of individuals of a 
given kind of animal to move in a definite direction by means of their 
locomotor apparatus. Only if this succeeds have we the right to 
assume that we know the force which under certain conditions seems 
to a layman to be the will of the animal. But if only a part of the 
number moves in this definite direction and another does not, then we 
have not succeeded in finding the force which in a given case deter- 
mines unequivocally the direction of movement. 

One other point should be observed. If a sparrow flies down from 
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a roof to a seed lying in the street, we speak of an act of will, but 
if a dead sparrow falls from the roof upon the seed this does not appear 
to us to be an act of will. In the latter case purely physical forces are 
concerned, while in the former chemical reactions are also taking place 
in the sense organs, nerves and muscles of the animal. We speak of an 
act of will, only when this latter complex, that is, the natural move- 
ment of locomotion, plays its part also, and it is only with this sort of 
reactions that we have to deal in the psychology of the will. 


II 


Some experiments on winged plant lice may serve as an introduction 
to these methods of definitely prescribing to animals the direction of 
their progressive movements. 

In order to obtain the material, potted rose-bushes or cinerarias 
thickly infected with plant lice are brought into a room and placed in 
front of a closed window. If the plants are allowed to dry out, the 
aphids, previously wingless, change into winged insects. After this 
metamorphosis the animals leave the plants, fly to the window and there 
creep upward on the glass. They can then be easily collected by holding 
a test-tube underneath and touching one animal at a time from above 
with a pen or scalpal; the animals then drop into the test-tube. 
In this way a sufficiently large number, perhaps twenty-five or fifty 
suitable subjects for the experiment, may be quickly obtained. With 
these animals it may be demonstrated that the direction of their move- 
ment toward the light is definitely determined—provided that the ani- 
mals are healthy and that the light is not too weak. The experiment is 
arranged so that only a single source of light, e. g., artificial light, 
is used. 

The animals place themselves with their heads toward the source of 
light and move in as direct a line as the imperfectness of their locomotor 
apparatus allows, toward it. If they are in a test-tube they go as far 
toward the source of light as their prison allows. When they reach that 
end of the test-tube which is directed toward the source of light, they 
remain there, stationary, in a closely crowded mass. If the test-tube is 
turned around 180° the animals again go straight toward the source of 
light until the interference of the glass stops their further progressive 
movements. It can be demonstrated in these animals that the direction 
of their progressive movement is just as unequivocally governed by the 
source cf light as the direction of the movement of the planets is 
determined by the force of gravity. 

The theory of the compulsory movements of aphids under the influ- 
ence of light is as follows: Two. factors govern the progressive move- 


® Loeb, ‘‘Der Heliotropismus der Tiere und seine Ubereinstimmung mit dem 
Heliotropismus der Pflanzen,’’ Wirzburg, 1890 (Erschienen, 1889). 
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ments of the animals under these conditions; one is the symmetrical 
structure of the animal, and the second is the photochemical action of 
light. We will consider the two separately. In regard to the photo- 
chemical action of light, we know to-day that a great many chemical 
reactions of organic bodies are accelerated by light. Especially is this 
true of oxidations.* The mass of facts presented to us here concerning 
vhis relatively young branch of physical chemistry is already so great 
that we have the right to assume that the determining action of light 
upon animals and plants is in its last analysis due to the fact that the 
tate of certain chemical reactions in the cells of the retina or of other 
photosensitive regions of the organisms is modified by light; with 
increasing intensity of light the rate of certain chemical reactions, for 
instance, oxidation, increases according to a definite law, namely, the 
law of Bunsen and Roscoe. 

The second factor is the symmetrical structure of the animal. As 
expressed in the gross anatomy of the animal this is shown by the well- 
known fact that the right and left halves of the body are symmetrical. 
But it is my belief that such a symmetry exists in a chemical sense as 
well as in an anatomical sense—by which I mean that symmetrical 
regions of the body are chemically identical and have the same metab- 
olism, while non-symmetrical regions of the body are chemically 
different, and in general have a quantitatively or qualitatively different 
metabolism. In order to illustrate this difference it is only necessary 
to point out that the two retinas, which are certainly symmetrical, have 
an identical metabolism, while a region of the skin which is not sym- 
metrical with the retina has a different metabolism. The individual 
points on the retina are also chemically unlike. The observations upon 
visual purple, the differences in the color-sensitiveness of the fovea cen- 
tralis, and the peripheral parts of the retina indicate that the points of 
symmetry of the two retinas are chemically like, but the non- 
symmetrical points chemically unlike. 

Now if an unequal amount of light falls upon the two retinas, 
the photo-chemical reactions in the retina which receives more light 
will also be more accelerated than in the other. The same thing nat- 
urally holds true for every other pair of symmetrical photosensitive sur- 
face elements. For it should be mentioned just here that photochemical 
substances are not only found in the eyes, but also in other places on the 
outer surface of many animals. In planarians, as my experiments and 
those of Parker have shown, not only the eyes, but also other places on 
the skin, are photosensitive. But if more light falls upon one retina 
than upon the other, the chemical reactions, for instance, the or- 

*Luther, ‘‘Die Aufgaben der Photochemie,’’ Leipzig, 1905. OC. Neuberg, 
Biochem. Zeitschr., Bd. 13, S. 305, 1908. Loeb, ‘‘ Vorlesungen tiber die Dynamik 


der Lebenserscheinungen,’’ Leipzig, 1906. In addition, the work of Ciamician, 
as also Wolfgang Ostwald (Biochem. Zeitschr., 1907). 
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ganic oxidation, will also be more accelerated in one retina than in the 
other, and accordingly more intense chemical changes will take place in 
one optic nerve than in the other. 8S. S. Maxwell and C. D. Snyder have 
demonstrated, independently, that the rate of the nerve impulse has 
a temperature coefficient of the order of magnitude which is charac- 
teristic for chemical reactions. According to this we must conclude 
that when two retinas (or other points of symmetry) are illuminated 
with unequal intensity, chemical processes, also of unequal intensity, 
take place in the two optic nerves (or the sensory nerves of the two 
points). This inequality of chemical processes passes from the 
sensory to the motor nerves and eventually into the muscles con- 
nected with them. We conclude from this that with equal illumina- 
tion of both retinas the symmetrical groups of muscles of both halves 
of the body will receive equal chemical stimuli and thus reach 
equal states of contraction, while when the rate of reaction is unequal, 
the symmetrical muscles on one side of the body come into stronger 
action than those on the other side. The result of such an inequality of 
action of symmetrical muscles of both halves of the body is a change in 
the direction of movement on the part of the animal. 

This change in the direction of movement can result either in a 
turning of the head toward the source of light and the accompanying 
movement of the whole animal toward the source of light, or in a turn- 
ing of the head in the opposite direction and the accompanying move- 
ment of the whole animal in the opposite direction. In order to show 
that the choice between the two possibilities has to do with purely phys- 
ico-chemical conditions, we should have to discuss, one by one, a whole 
series of topics upon the physiology of the central nervous system. It 
may suffice to call to mind briefly first that the structure of the central 
nervous system is segmental and that the head segments generally 
determine’ the behavior of the other segments with their accessory 
parts; and secondly that chemical processes in any single element can 
cause an increase in the tonus of certain muscle groups as well as 
causing just the opposite effect under other conditions. 

In the winged aphids the relations are as follows: Suppose that a 
single source of light is present and that the light strikes the animal 
from one side. As a consequence the activity of those muscles which 
turn the head or body of the animal towards the source of light will be 
increased. As a result the head, and with it the whole body of the 

*Loeb, ‘‘Comparative Physiology of the Brain and Comparative Psychol- 
ogy,’’ New York and London, 1900. 

*If two equally powerful sources of light are present at equal distances 
from the animal, the animal will move in a line at right angles to a line con- 
necting the two sources of light, because in this case both eyes are similarly 


influenced by the light. Herein, as Bohn has rightly said, the machine-like 
heliotropic reaction of animals differs from the movement of a human being 
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animal, is turned toward the source of light. As soon as this happens, 
the two retinas become illuminated equally. There is the efore no 
longer any cause for the animal to turn in one direction or the other. 
It is thus automatically guided toward the source of light In this 
instance the will of the animal which determines the direction of its 
movement is light, just as it is gravity in the case of a falling stone 
or the movement of a planet. Only the action of gravity upon the 
direction of movement of the falling stone is direct, while the action of 
light upon the direction of movement of the aphids is indirect, inas- 
much as the animal only by means of an acceleration of photochemical 
reactions is caused to move in a definite direction. 

We will now designate as positively heliotropic those animals which 
are forced to turn the head or the parts of the body which are foremost 
during locomotion toward the source of light, and as negatively helio- 
tropic those animals which are oriented in the opposite direction. 

The aphids serve here only as an example. The same phenomena 
of positive heliotropism may be demonstrated with equal precision in a 
great many animals, vertebrates as well as invertebrates, for instance in 
young fishes. We can not, of course, give an account of all these cases 
here. The reader who is interested in them must look into the vol- 
uminuous literature upon this subject.’ 


III 

The winged aphids can serve as an example, because in their case the 
above-mentioned requirement is fulfilled, namely, that all individuals, 
without exception, move toward the light. For mechanistic science it is 
a methodological postulate that the same law applies without excep- 
tion, or that a sufficient reason must be given in case of an exception. 
But it was soon found, as might be expected, that not all organisms in 
their natural condition are equally suitable for these experiments. 
Many animals show no heliotropism at all; many show only a slight re- 
action, while others show it to as pronounced a degree as do the winged 
aphids. The problem therefore presented itself of making artificially 
heliotropic those animals which show no positive heliotropism. Such 
attempts give us a broad insight into the mechanism of acts of will. 
If small crustaceans of a fresh-water pond or lake are taken with a 
plankton net at noon-time or in the afternoon and placed in an aqua- 
rium which is illuminated from one side only, it is generally found that 
these animals move about in the vessel pretty much at random and 
distribute themselves irregularly. Some seem to go more toward the 
toward one of two sources of light, the movement in the latter case not being 
determined by heliotropism. 


* Heliotropism is unusually common, namely, among the larve of marine 
animals and insects, but also not lacking in sexually mature individuals. 














THE SIGNIFICANCE OF TROPISMS 111 


lighted side, others in the opposite direction, and the majority perhaps 
pay no attention to the light. 

This condition changes instantly if we add to the water some acid, 
preferably carbonic acid, which easily penetrates the cells. This is done 
by slowly adding to every 50 c.cm. of the fresh water a few cubic centi- 
meters of water charged with carbondioxide. If the correct amount of 
carbonic acid is added all the individuals become actively positively 
heliotropic in a few moments and they move in as straight a line as 
the primitiveness of their swimming movements permits, toward the 
source of light, and remain there closely crowded together on the lighted 
side of the vessel. If the vessel is turned around 180°, they go directly 
back again to the lighted side of the vessel. Every other acid acts like 
carbonic acid and alcohol acts in the same manner, only more feebly 
and much more slowly. Animals which were previously indifferent to 
light become, under carbonic acid treatment, complete slaves of the 
light.® 

How does the acid produce this result? We wii assume that it 
acts as a sensitizer. The light produces chemical changes, for in- 
stance, oxidation on the surface of the animal, especially in the eye, 
as was suggested in the case of the aphids. The mass of photochemical 
substance which is acted upon by the light is often relatively small, so 
that even when the light strikes the crustacean (copepod) on one side 
only, the difference in the chemical changes on the two sides of the 
body remains still too small to call forth a difference in tension or 
action, in the muscles of the two sides of the body, sufficient to turn 
the animal toward the source of light. But if we add an acid this could 
act as a catalyzer, as, for instance, in the catalysis of esters. In the 
catalysis of esters, the acid acts, according to Stieglitz, only to the extent 
of increasing the active mass of the substance which undergoes a 
chemical change. In order to provisionally fix our ideas, we will assume 
that the acid makes the animal more strongly positively heliotropic by 
increasing the active mass of the photosensitive substance. By this 
means it becomes possible for the same intensity of light which before 
produced no heliotropic reaction now to cause a very pronounced posi- 
tively heliotropic reaction ; because if now the animal is struck on one 
side only by the light, the difference in the reaction product in both 
retin becomes rapidly great enough to cause automatically a difference 
in the action of the muscles of both sides of the body and a turning of 
the head towards the source of light. 

A second consideration must also be mentioned here. In certain 
forms, for instance, in daphnia and in certain marine copepods, a de- 
crease in temperature also increases the tendency to positive helio- 
tropism. If the mere addition of acid is not sufficient to make the 


* Loeb, Pfliigers Archiv, Bd. 115, S. 564, 1906. 
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daphnia positively heliotropic, this may often be accomplished by 
simultaneously reducing the temperature. From the physico-chemical 
standpoint we must assume that likewise in the dark, at the ordinary 
temperature, the photosensitive substance is destroyed so rapidly that 
its active mass is generally rather too low to cause a heliotropic reaction. 
By reducing the temperature the rate of decomposition of the photo- 
sensitive substance is decreased more than the rate of its formations. 
This illustration may suffice, under the limitations of the space 
allowed us, to indicate how the facts in this field might be correlated 
when viewed from the standpoint of physical chemistry. 


IV 


The animals which are strongly positive heliotropic and those ani- 
mals which do not react at all to light offer the observer no difficulties. 
Nevertheless, some zoologists, apparently not very familiar with the laws 
of physical chemistry, seem to have found difficulty in explaining the 
behavior of those animals which come between the two extremes. For 
instance, one writer has asserted that with greater intensity of light the 
laws of heliotropic orientation hold good, while with a lessened light- 
intensity the animals react to light by the method of “ trial and error.” 
From a chemical standpoint the behavior of animals at low intensity is 
easily to be understood. If a positively heliotropic animal is illuminated 
from one side a compulsory turning of the head toward the source of 
light occurs only when the difference in the rate of certain photo- 
chemical reactions in the two eyes reaches a certain value. If the inten- 
sity of the light is sufficient and the active mass of photochemical sub- 
stance in the animal great enough, it is only a short time, for instance, 
the fraction of a second, before the difference in the mass of the re- 
action products formed on the two sides of the animal reaches the 
value necessary for the compulsory turning of the head toward the 
source of light. In this case the animal is a slave of the light; in other 
words, it has hardly time to deviate from the direction of the light rays; 
for if it turns the head even for the fraction of a second from the direc- 
tion of the light rays, the difference in the photochemical reaction- 
products in the two retinas becomes so great that the head is at once 
automatically turned back toward the source of light. But if the in- 
tensity of the light is lessened (or the photosensitiveness of the animal 
lessened) the animal may deviate for a longer period from the direction 
of the light rays. Such animals do eventually reach the lighted side of 
the vessel, but they no longer go straight toward it, but move instead in 
zig-zag lines or very irregularly. It is, therefore not a case of a qualita- 
tive, but of a quantitative, difference in the behavior of heliotropic 
animals under greater or lesser illumination, and it is therefore errone- 
ous to assert that heliotropism determines the movement of animals 
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toward the source of light only under strong illumination, but that 
under weaker illumination an essentially different condition exists. 

Still another point is to be considered. We have seen that acid 
increases the sensitiveness of certain animals to light and probably, as 
we assume, by increasing the active mass of the photochemical sub- 
stance. Now every animal is continually producing acids in its cells, 
especially carbonic acid and lactic acid. It probably produces also sub- 
stances which could have the opposite effect and which decrease the 
heliotropic sensitiveness of the animals. Fluctuations in the rate of 
production of these substances will also produce fluctuations in the 
heliotropic sensitiveness of the animal. Now if, for instance, the ac- 
tive mass of the photosensitive substance in a copepod is relatively 
small, a temporary increase in the production of carbonic acid can in- 
crease the photosensitiveness of the animal sufficiently for it to move 
for the period of a few seconds directly toward the source of light. 
Later the production of carbonic acid decreases and the animal again 
becomes indifferent to light and can move in any other direction. Then 
the production of carbonic acid increases again and the animal goes 
again, for a short time, toward the light. Such animals finally gather 
at the lighted side of the vessel because the algebraic sum of the move- 
ments in the other directions becomes zero according to the law of 
chance. But it is plain that such animals do not reach the source of 
light by a straight path. A writer who is not trained to interpret the 
variations in the behavior of such an animal chemically and physiolog- 
ically, can naturally give no explanation of their significance. If he is 
forced to find an explanation he will wind up at the method of “ trial 
and error” which is no more chemical nor scientific than the explana- 
tions of metaphysicians in general. 

Some authors have, it seems, worked only with animals which were 
not pronouncedly heliotropic and the photo-sensitiveness of which 
wavered about the threshold of stimulation in the manner described 
above. A writer trained in physical chemistry would have understood 
that such animals are unsuitable for experiments in heliotropism and 
that it is necessary to first increase their photo-sensitiveness if the 
laws of the action of light upon them are to be investigated. 

I also believe that observations upon animals which are not suffi- 
ciently photo-sensitive have caused many writers to assert that helio- 
tropic animals do not place themselves directly in the line of the rays 
of light,® but that they first have to learn the right orientation. But 
a very striking experiment contradicts this assertion. The larve of 
Balanus perforatus develop entirely in the dark. If the ovary filled 
with mature larve is, in the dark, placed in a watch crystal filled with 
sea water, the larvee emerge at once and, if they are brought into the 

* Provided that only a single source of light is present. 
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light, they move at once to the side of the watch crystal nearest to the 
window. They were, therefore, pronouncedly positively heliotropic be- 
fore they came under the influence of the light. 

In experiments with winged aphids I often found that after having 
gone through the heliotropic reactions a few times they react much 
more quickly to light than at the beginning. This might be inter- 
preted as a case of “learning.” In so far as it is not a case of a lessen- 
ing of the stickiness of the feet or the removal of some other purely me- 
chanical factor which retards the rate of movement, it may be brought 
about by the carbonic or lactic acids produced through the muscular 
activity.?° 

Vv 


As far back as twenty years ago I pointed out that the photo-sensi- 
tiveness of an animal is different in different physiological conditions 
and that, therefore, under natural conditions, heliotropism is found 
often only in certain developmental stages, or in certain physiological 
states of an animal. I have already mentioned that in the aphids dis- 
tinct heliotropic reactions may only be expected when the animals have 
developed wings and left the plant. The influence of the chemical 
changes which take place in animals upon heliotropism is much more 
distinct in the larve of Porthesia chrysorrhwa. The larve hatch from 
the eggs in the fall and, as young larve, hibernate in a nest. The 
rising temperature in the spring drives them out of the nest and they 
can be driven out of the nest in winter also by an increase in tempera- 
ture. When they are driven out of the nest in this condition they are 
strongly positively heliotropic and I have never found in natural 
surroundings any animals whose heliotropic sensitiveness was more 
pronounced than it is in the young larve of Chrysorrhea under these 
conditions. But as soon as the animals have once eaten the positive 
heliotropism disappears and does not return if they are again allowed 
to become hungry." In this case it is clear that the chemical changes 
connected with nutrition directly or indirectly lead to a permanent 
diminution or disappearance of the photochemical reaction. In ants 
and bees the influence of substances from the sexual organs seems to 
be the determining factor in the production of positive heliotropism. 
The ant workers show no heliotropic reactions while in the males and 
females, at the time of sexual maturity, a distinct positive heliotropism 
develops, the intensity of which continues to increase. 


* The phenomenon of ‘‘steps’’ (‘‘Treppe’’) upon stimulation of a muscle 
is ascribed, probably rightly, also to the formation of acid. The phenomenon 
of ‘‘steps,’’ that is, the increase of the amount of contraction with every new 
stimulus is, however, comparable to or identical with the increase in the rate of 
reactions in the experiments described here. 

* Loeb, l. c., p.24. (This latter fact has been overlooked by several writers.) 
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According to Kellogg the case of the bees is similar. It is a well 
known fact that during sexual maturity special substances are formed 
which influence various organs. For instance, Leo Loeb has found that 
the substances which are set free by the bursting of an egg follicle 
cause a special sensitiveness in the non-pregnant uterus, so that every 
mechanical stimulus causes the latter to form a decidua. In this way 
he could cause the formation of any number of decidue in non-preg- 
nant uteri, while without the follicle substance the uterus did not react 
in this manner. 

It is a common phenomenon that animals in certain larval stages 
are positively heliotropic, while in others they are not sensitive to light 
or are even negatively heliotropic. In order to save time I will not now 
discuss further these facts which are easily comprehensible in the light 
of what has been said and I refer the readers to my earlier papers. 

This change in the heliotropic sensitiveness, produced by certain 
metabolic products in the animal body is of great biological significance. 
I have already shown that it even serves to save the lives of the above- 
mentioned young larve of Chrysorrhceea. When the young larve are 
awakened from their winter sleep by the spring sunshine they are ac- 
tively positively heliotropic. The positive heliotropism leaves them no 
freedom of movement, but forces them to creep (eindeutig) straight 
upward to the top of a tree or branch. Here they find the first buds. 
In this way the heliotropism guides them to their food. Should they 
now remain positively heliotropic they would be held fast on the ends 
of the twigs and would starve to death. But we have already men- 
tioned that after they have eaten they lose the positive heliotropism 
once more. They can now creep downwards, and the restlessness which 
is characteristic of so many animals’? forces them to creep downwards 
until they reach a new leaf, the odor or tactile stimulus of which stops 
the progressive movement of the machine and sets in motion further 
eating activity. 

The fact that ants and bees become positively heliotropic at the 
time of sexual maturity plays an important rdéle in the vital economy 
of these creatures. As is well known, the mating of these insects takes 
place during flights, the so-called nuptial flight. Now I have watched 
and found that among the male and female ants of a single nest the 
heliotropic sensitiveness increases steadily up to the time of the nuptial 
flights and that the direction of their nuptial flights follows the direc- 
tion of the rays of the sun in the afternoon. I gained the impression 
that this nuptial flight is merely the consequence of a very highly de- 
veloped heliotropic sensitiveness. The case must be similar among the 
bees according to the following experiment described by Kellogg. The 


*The physico-chemical cause of this ‘‘restlessness’’ which is noticeable in 
many insects and crustaceans is at present unknown. 
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bees were ready to swarm out of the opening of the box used for the 
experiment when he suddenly removed the dark covering of the box 
so that the light now entered it from above. The heliotropic sensitive- 
ness of the animals was so great that they crept upward within the 
box, following the direction of the light rays and were not able to make 
the nuptial flight. Thus, according to these observations the bees at 
the time of the nuptial flight are positively heliotropic machines. 

These observations may serve as examples of the way in which 
analyses of the vital phenomena of certain animals show tropisms to be 
elements of these phenomena. Many observations of a similar nature 
are found in the papers of George Bohn, Parker, Radl** and myself. 
What appear to us upon incomplete analysis as acts of will or instinct 
prove upon more careful analysis, in a series of cases, to be tropisms, the 
theories of which we have explained in the foregoing pages. 


VI 


Under the influence of the theory of natural selection the view has 
been accepted by many zoologists and psychologists that everything 
which an animal does is for its best interest. But now the exact doc- 
trine of heredity, founded by Mendel and advanced to the position of 
a systematic science in 1900, reduces this false idea to its proper 
value. It is only true that species possessing tropisms which would 
make reproduction and preservation of the species impossible must die 
out. The opposite view, however, namely, that every reaction or every 
tropism which an animal possesses is for its interest, or of great benefit 
to it, is just as incorrect as the view that every structural characteristic 
of a species must be useful to it. 

Galvanotropism illustrates this in a striking manner. If a galvanic 
current is passed through a trough filled with water, and if animals are 
placed in this trough it can be observed that an orientation in relation 
to the direction of the current takes place in many animals and that 
the organisms move in the direction either of the positive or of the 
negative current. In this case we speak of galvanotropism. 
In galvanotropism the current lines or the current curves play the 
same role as the light rays in heliotropism. The explanation is that at 
those points where the current curves enter the cells'* a collection of 
ions takes place which influences the chemical reactions. The number 
of organisms which show typical galvanotropic reactions is not so large 
as the number of those which show typical heliotropism. According to 
my opinion this difference is the result of the physical difference in 
the action of light and of the electric current. Light acts essentially 
upon the free surface of the animal, while the electric current affects 


# Radl, ‘‘Der Phototropismus der Tiere,’’ Leipzig, 1903. 
% Or where the movement of the ions within the cell is retarded. 
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all the cells and nerves of the animal. Thus, in general, the action of 
the current upon the skin becomes complicated and modified by its 
simultaneous effect upon the nerve branches and upon the central 
nervous system. The result is thus much more complicated than that 
of the action of light where essentially only the effect upon the skin 
and retina is involved. For this reason, a distinct galvanotropism is 
found more often in organisms with simple structure, as, for in- 
stance, in one-celled organisms, than in vertebrates, although it is also 
demonstrable in the latter. 

Galvanotropism is, however, purely a laboratory product. With 
the exception of a few individuals, which have in recent years fallen 
into the hands of physiologists who happened to be working on gal- 
vanotropism, no animal has ever had the chance to come under the 
influence of an electric current. And yet galvanotropism is a re- 
markably common reaction among animals. A more direct contradic- 
tion of the view that the reactions of animals are determined by their 
needs or by natural selection could hardly be found. 

One might be led to suppose that galvanotropism and heliotropism 
are not comparable. They are, however, as a matter of fact, phenomena 
of the same category with the exception of the aforementioned fact that 
light acts generally only upon the surface of the skin, while the electric 
current influences all the cells of the body. As already mentioned, the 
disturbing complications arising from this latter circumstance disap- 
pear for the most part when we work with one-celled organisms, and 
we should expect that galvanic and heliotropic reactions would more 
nearly resemble one another in this case, provided that we work with 
organisms which possess both forms of sensitiveness. And this expec- 
tation is fulfilled. The colonial alge of the species Volvor show helio- 
tropism and galvanotropism. The investigations made by Holmes and 
myself upon heliotropism, as well as those of Bancroft upon the gal- 
vanotropism of these organisms, indicate that the mechanism of these 
reactions in Volvox is the same and the degree of determinism of the 
heliotropic and galvanotropic reactions in Volvoz is equally great. 

Claparéde raises the objection that the galvanotropic reactions are 
purely compulsory, while the heliotropic reactions are governed by the 
“interest of the animal.” 25 Such a view, however, is not supported 
by the facts. The reason that heliotropism may occasionally, as we 
have seen, be of use, while galvanotropism has no biological signifi- 
cance, is because the electric current does not exist in nature. It can, 
however, be shown also that heliotropism is just as useless to many ani- 
mals as galvanotropism. For instance, I pointed out twenty years ago 
that some varieties of animals which do not live in the light at all, for 


%* Claparéde, ‘‘Les tropismes devant la Psychologie,’’ Journ. f. Psychologie 
und Neurologie, Bd. 13, S. 150, 1908. 
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instance, the larvee of the goat moth, which live under the bark of trees, 
may show positive heliotropism. I found, moreover, that the crab, 
Cuma Rathkwi, which lives in the mud of the harbor of Kiel, when 
brought into the light and removed from the mud shows positive helio- 
tropism. It is, therefore, just as incorrect to assert that the heliotropic 
reactions are governed by the biological interests of the animal as that 
this is true for galvanotropism. We must therefore free ourselves at 
once from the overvaluation of natural selection and accept the conse- 
quences of Mendel’s theory of heredity, according to which the ani- 
mal is to be looked upon as an aggregate of independent hereditary 
qualities. 
VII 


The attempt has been made to prove that organisms are attuned to 
a certain intensity of light and so regulate their heliotropism that they 
invariably reach that intensity of light which is best suited to their well- 
being. I believe that this is also a case of a suggestion forced upon the 
investigators by the extreme application of the natural selection theory. 
I have made experiments upon a large number of animals, but, with a 
clear arrangement of the physical conditions of the experiment, I have 
never found a single indication of such an adaptation. In every case it 
has been shown that positively heliotropic animals are positive with 
any intensity of light above the threshold. Thus winged plant lice or 
wingless larvee of Chrysorrhea or copepods, which have been made helio- 
tropic by acids, go toward the light regardless of whether the source of 
light is the direct sunlight or reflected light from the sky or weak lamp 
light, provided that the (threshold) value of intensity of light required 
for the reaction is passed. Indeed, I have been able to show that posi- 
tively heliotropic animals also move toward the source of light even if 
the arrangement is such that by so doing they go from the light into the 
shadow.*® A “selection” of a suitable light intensity I have never 
observed. 

What probably lies behind these interpretations of the “ selection of 
suitable light intensity” is the fact that under certain conditions re- 
action products formed by the photochemical action of light may inhibit 
the positive heliotropism. I found a very clear instance of this sort in 
the newly hatched larve of Balanus perforatus, which are positively 
heliotropic. If they are placed in the light of a quartz mercury lamp 
(of Heraus) which is very rich in ultra-violet rays, the positively helio- 
tropic larve soon become negatively heliotropic. For these experiments 


* Quite often without even stopping for a moment. In animals sensitive to 
differences (see next chapter) a stopping occurs in this experiment in the pass- 
ing from the light into the shadow, but they go, nevertheless, immediately on 
in the direction of the source of light. The reader will find a further account 
of this experiment in my ‘‘Vorlesungen iiber die Dynamik der Lebenserschein- 
ungen.’’ 
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the larve should be placed only in a very shallow depth of sea-water. 

Even in a strong light which is not so rich in ultra-violet rays as the 
light of the mercury lamp, it is sometimes possible to cause positively 
heliotropic animals to become negatively heliotropic. This is the case, © 
for instance, with the larve of Polygordius. But it would be wrong in 
this case to speak of an adaptation of the animal to a certain light 
intensity. In my opinion it is merely a case where a metabolic product 
either alters the photochemical action or so influences the central 
nervous system that even the excitation of the retina by the light 
weakens the tonus of the muscles, instead of strengthening it. 

Some of the other mistakes have perhaps also arisen because the 
writers worked with complicated experimental conditions instead of 
with simple ones, for instance, because they used a hollow prism filled 
with ink in order to produce a gradual decrease in the light intensity. 
In the semi-darkness thus produced, the intensity of light often remains 
beneath or near the threshold of stimulation, and the writers fall 
_ victims to that class of errors which we have already pointed out in 
speaking of the influence of lesser intensities of light. 


Vill 


Heliotropic phenomena are determined by the relative rates of 
chemical reactions occurring simultaneously in symmetrical surface ele- 
ments of an animal. There is a second class of phenomena which is 
determined by a sudden change in the rate of chemical reactions in the 
same surface elements. Reactions to sudden change of light intensity 
are shown most clearly in marine tube worms, whose gills are exposed to 
light. If the light intensity in the aquarium is suddenly diminished the 
worms withdraw quickly into their tubes. A sudden increase of light 
intensity has no such effect. With other forms, for instance, with 
planarians, a sudden decrease of the intensity of the light causes a 
decrease in movement. Such animals gather chiefly in parts of the 
space where the light intensity is relatively small. I have designated 
such reactions as the expression of sensitiveness to change in intensity 
of a stimulus (Unterschiedsempfindlichkeit), in order to distinguish 
them from tropisms.*? 

It is hardly necessary to point out here that the effects of rapid 
changes in intensity, when they are very marked, can easily complicate 
and entirely obscure the heliotropic phenomena. In Hypotricha and 
other infusoria this sense of difference is very pronounced in response to. 
sudden touch or sudden alteration of the chemical medium, and like 

"Loeb, ‘‘Uber die Umwandlung positiv heliotropischer Tiere usw,’’ 
Pfliigers Archiv, 1893. See also the recent investigations of Georg Bohn, ‘‘La 
naissance de 1’intelligence,’’ Paris, 1909; ‘‘Les essais et les erreurs chez les 


étioles de mer,’’ Bull. Inst. gén. psychol., 1907; ‘‘Intervention des réactions 
oscillatoires dans les tropismes,’’ Ass. franc. d. Sciences, 1907. 
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the tube-worms they thereupon draw back very quickly. Since their 
locomotor organs are not symmetrical, but are arranged in a peculiar 
unsymmetrical manner, they do not, after the next progressive move- 
ment return to the former direction of movement, but deviate sideways 
from it, and it is, therefore, easy to understand that such animals do 
not furnish the best material to demonstrate the laws of heliotropism, 
especially since they possess, moreover, only a slight photochemical sen- 
sitiveness. But Jennings has with special preference used observations 
on such organisms to argue against the theory of tropisms, and he has 
with these arguments caused much confusion in the minds of zoologists. 
One writer has, if I am not mistaken, asserted that the significance of 
tropisms is limited by the demonstration of the sense of difference. 
This writer overlooks the fact that it is a question of tracing psychical 
phenomena, and not merely tropisms, back to physico-chemical processes. 
Just as in muscles and nerves the action of a constant current is 
different from that of an intermittent current, so we find in the action 
of light an analogous case. If we wish to trace all animal reactions 
back to physico-chemical laws we must take into consideration besides 
the tropisms not only the facts of the sense of difference, but also all 
other facts which exert an influence upon the reactions. The influence 
of that mechanism which we call “ associative memory ” also belongs in 
this category, but we can not discuss that further here. Instead the 
reader is referred to my aforementioned book, as well as the newer work 
of Bohn, “La naissance de Vintelligence.”?® Let us bear in mind 
that “ ideas ” also can act, much as acids do for the heliotropism of cer- 
tain animals, namely, to increase the sensitiveness to certain stimuli, 
and thus can lead to tropism-like movements or actions directed toward 
a goal.?® 
IX 


Besides light and the electric current, the force of gravity also has 
an orienting influence upon a number of animals. The majority of 
such animals are forced to turn their heads away from the center of 
the earth and to creep upward. It was uncertain for a long time how 
the orientation of cells in relation to the center of gravity of the earth 
could influence the rate of the chemical reactions within, but it has 
been suggested that an enlargement or shifting of the reacting surfaces 
formed the essential connecting link. If it is assumed that in such 
geotropically sensitive cells two phases (for instance, two fluid sub- 
stances which are not at all, or not easily, miscible, or one solid and one 
fluid substance) of different specific gravities are present, which react 
upon one another a reaction takes place at the surfaces of contact. Every 

%8‘¢Comparative Physiology of the Brain and Comparative Psychology,’’ 


New York and London, 1900. 
” Paris, ‘‘ Bibliothéque de Philosophie scientifique,’’ 1909. 
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enlargement of the latter increases the mass of reacting molecules. A 
shifting of the contact surfaces would act in the same manner. Finally, 
a third possibility remains which could perhaps be realized in plant 
roots and stems. If in the geotropically sensitive elements two masses 
of different specific gravity are present, only one of which reacts to the 
flowing sap in the center or the periphery of the stem, the cells of the 
upper side of a stem which is laid horizontally will acquire a different 
tate of reaction from those of the lower side, because in the former the 
specifically heavier substances are directed toward the center of the stem, 
while in the latter the specifically lighter ones are directed toward the 
center. Consequently, one side will grow faster than the other, and 
thence the geotropic bending.?® In the frog’s egg, we can actually 
directly demonstrate the existence of two substances of different specific 
gravity and can study their behavior, since in this case they are of dif- 
ferent color. 

In animals it has been observed that orientation toward the center 
of gravity of the earth often becomes less compulsory when the inner ear 
has been removed. Mach first pointed out the possibility that the 
otoliths are responsible for this. They might press upon the end-organs 
of the sensory nerves and every change of pressure might cause a cor- 
rection of the position of the animal. It is generally assumed that this 
view has been verified by experiment. I cannot, however, agree with 
this, although I once described experiments which seemed to support 
Mach’s otolith theory. I had found that when the otoliths of the 
inner ear of the shark are scraped out with a sharp spoon the normal 
orientation of the animal suffers; but if the otoliths are simply washed 
out from the internal ear by a mild current of seawater the orientation 
of the animal does not suffer so easily. 

In the latter case, the doubt is present as to whether all the otolith 
powder has been removed from the ear. The matter was decided by 
experiments on flounders, which have only a single large otolith which 
can easily be removed from the ear. E. P. Lyon carried out these 
experiments, which showed that no disturbance of the orientation 
resulted from this operation. We may conclude, therefore, that in my 
experiments of scraping out the otoliths a disturbance of the orienta- 
tion occurred because by this means the nerve endings in the earg were 
injured. We have, therefore, no right to say that the orientation of 
animals in relation to the center of gravity of the earth is regulated by 
the pressure of the otoliths upon the nerve endings, but that this regula- 
tion takes place in the nerve endings themselves, and probably, indeed, 
as a result of the existence there of two different phases of different 
specific gravity which react upon one another. Through the change of 


” Chapter Tropismen in ‘‘Vorlesungen tiber die Dynamik der Lebens- 
erscheinungen.’’ 
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orientation of the cells in relation to the center of gravity of the earth, 
the two phases undergo a shifting by means of which a change in the 
rate of reaction is brought about according to one of the ways given 
above. Since then I have looked through the literature on the function 
of the otoliths or statoliths, and have reached the conclusion that all 
writers who assert that the removal of the otoliths disturbs the geo- 
tropic orientation of animals have been victims of the same fallacy as 
myself. They have injured or removed the nerve endings. In the only 
case in which a removal of the otoliths without tearing or other injury 
of the nerve endings can be justifiably assumed, no disturbance of the 
orientation occurred. 

While in my own work I have aimed to trace the complex reactions 
of animals to simpler reactions like those of plants and finally to physico- 
chemical laws, the opposite tendency has lately been gaining influence. 
Some botanists, namely, Haberlandt, Némec and F. Darwin, endeavor 
to show that the relatively simpler reactions of plants may be traced 
back to the more complex relations found in animals. Instead of deriv- 
ing the tropic reactions of plants as directly as possible from the law of 
mass action (and other physico-chemical laws), they try to show that 
“sense organs” exist in the cells of plants and Francé even attributes 
to the latter a “soul” and an “ intelligence.” I believe that in order 
to be consistent, these writers ought to base the law of mass action upon 
the assumption of the existence of sense-organs, souls and intelligence 
in the molecules and ions. It is probably unnecessary to emphasize the 
fact that it is better for the progress of science to derive the more com- 
plex phenomena from simpler ‘components than to do the contrary, 
namely, to try to explain the simpler by means of the more complex. 
For all “ explanation ” consists solely in the presentation of a phenom- 
enon as an unequivocal function of the variables by which it is deter- 
mined, and if in nature we find a function of two variables, it does not, 
in my opinion, tend toward progress to assert that this is a case of 
functions of more than two variables, without furnishing sufficient 
proof of this assertion. 

These writers represent the geotropic reactions of plants by saying 
that in certain cells starch grains are present which serve the purpose 
of the otoliths in animals. These starch grains are believed to press 
upon the sense organs or nerve endings in the plant cells concerned 
and the pressure sense of the plant is then supposed to give rise to the 
geotropic curvature. I have no opposition to offer to the assumption 
that the starch grains change their position with a change in the 

position of the cells, and I am also willing to pass over for the present 
the view that the starch grains form one of the two phases in the cell. 
But I see no necessity for assuming besides this the existence of intra- 
cellular sense organs which perceive the pressure of the starch grains. 
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This is, in my opinion, an unnecessary complication of simple relations 
which in this case introduces a demonstrable error of animal physiology 
into plant physiology. 

Xx 


The progress of natural science depends upon the discovery of 
rationalistic elements or simple natural laws. We find that there are 
two classes of investigators in biology, grouped according to their atti- 
tude toward such simple laws or rationalistic elements. One seems to 
aim at the denial of the existence of such simple laws and every new 
case which does not fall at once under this law is an opportunity for 
them to point out the inadequacy of the latter. The other group of 
investigators aims to discover and not to disprove laws. When such 
investigators have discovered a simple law which is generally applicable, 
they know that an apparent exception does not necessarily overthrow 
the law, but that possibly an opportunity is offered for a new discovery 
and an extension of the old law. Mendel’s laws have been brilliantly 
confirmed in a number of cases. In some cases of deviations (from 
these laws), however, it has not always been possible to recognize at 
once the causes of the same. One group of investigators has recog- 
nized that these deviations do not indicate the incorrectness of Men- 
del’s laws, but that they are merely the result of secondary and often 
minor complications; the latter investigators have from this stand- 
point made further fruitful discoveries. The réle of the other group 
of investigators in this case has consisted, primarily, in an attempt to 
minimize the importance of Mendel’s laws and thus to retard the 
progress of science. 

The case is similar in the realm of tropisms. Tropisms and tropism- 
like reactions are elements which make possible for us a rationalistic con- 
ception of the psychological reactions of animals on the basis of chem- 
ical mass action, and I believe, therefore, that it is in the interest of the 
progress of science to develop further the theory of animal tropisms. 
The fact that in an electric current the same animal often moves differ- 
ently from what it does under the influence of light finds its explana- 
tion for the observer conversant with physical chemistry in the fact that 
the electric current causes changes in the concentration of ions within, 
as well as upon the surface, while the chemical action of light is essen- 
tially limited to the surface. Certain writers, however, leave this dif- 
ference in the action of the two agents out of consideration and make 
use of the difference in the behavior of certain organisms in response to 
light and to the electric current, to assert that it is not permissible to 
speak of tropisms as being governed by general laws; in other words, 
they say that tropisms are without significance. Animals in general 
are symmetrically built and the motor elements of the right and left 
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sides of the body usually act symmetrically. Consequently the helio- 
tropic orientation, for instance, comes about as we have already de- 
scribed. There are animals, however, which move sideways, for in- 
stance, certain crabs, such as the fiddler crab. Holmes has found that 
these crustaceans also go sideways toward the light. Jennings draws 
from this fact the following conclusions: “ The symmetrical position is 
an incident of the reaction, not its essence.” 

In other words, he uses these observations of Holmes to indicate that 
the réle ascribed to symmetry has no importance for the theory of 
tropisms. I am, however, inclined to draw another conclusion, namely, 
that in the fiddler crabs in the first place there is an entirely different 
connection between the retina and the locomotor muscles from that in 
other crustaceans and different animals, and that, secondly, there is a 
special peculiarity in regard to the function of the two retinas whereby 
they do not act like symmetrical surface elements. I believe that a new 
discovery may be made here.* 


XI 


These data may suffice to explain my point of view. To me it is a 
question of making the facts of psychology accessible to analysis by 
means of physical chemistry. In this way it is already possible to re- 
duce a set of reactions, namely, the tropisms to simple rationalistic rela- 
tions. Many animals, because their body structure is not only morpho- 
logically, but, also chemically, symmetrical, are obliged to orient their 
bodies in a certain way in relation to certain centers of force, as, for 
instance, the source of light, an electric current, the center of gravity 
of the earth or chemical substances. This orientation is automatically 
regulated according to the law of mass action. The application of the 
law of mass action to this set of reactions is thus made possible. I 
consider it unnecessary to give up the term “ comparative psychology,” 
but I am of the opinion that the contents of comparative psychology will 
under the influence of the above-mentioned endeavors be different from 
the contents of speculative psychology. But I believe also that the 
further development of this subject will fall more to the lot of biolo- 
gists trained in physical chemistry than to the specialists in psychology 
or zoology, for it is in general hardly to be expected that zoologists and 
psychologists who lack a physico-chemical training will feel attracted 
to the subject of tropisms. 

In closing let me add a few remarks concerning the possible appli- 
cation of the investigations of tropisms. 

7 From which I expect, furthermore, that they will only confirm still more 
the laws of heliotropism. This expectation is based upon analogous relations in 
the pleuronectids, which I can not, however, discuss further here. However, 


probably no one will maintain that the existence of the pleuronectids invalidates 
all laws in regard to the symmetrical body structure. 
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I believe that the investigation of the conditions which produce 
tropisms may be of importance for psychiatry. If we can call forth in 
an animal otherwise indifferent to light by means of an acid a helio- 
tropism which drives it irresistibly into a flame; if the same thing can 
be brought about about by means of a secretion of the reproductive 
glands; then we have given, I believe, a group of facts, within which the 
analogies necessary for psychiatry can be experimentally called forth 
and investigated. 

These experiments may also attain a similar value for ethics. The 
highest manifestation of ethics, namely, the condition that human 
beings could be willing to sacrifice their lives for an idea is compre- 
hensible neither from the utilitarian standpoint nor from that of the 
categorical imperative. In this case also it might possibly be that under 
the influence of certain ideas chemical changes, for instance, internal 
secretions within the body, might be produced which increase the sen- 
sitiveness to certain stimuli to such an unusual degree that such people 
become slaves to certain stimuli just as the copepods become slaves to 
the light. To-day, since Pawlow and his pupils have succeeded in caus- 
ing the secretion of saliva in the dog by means of optic and acoustic 
signals, it no longer seems to us so strange that what the philosopher 


terms an “idea” is a process which can cause chemical activity in 
the body. 
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FEELING IN THE INTERPRETATION OF NATURE 


By ProFessor WM. E. RITTER 
MARIND BIOLOGICAL STATION, LA JOLLA, CAL. 


UMAN beings, in common with all others, are as fundamentally 
esthetic and emctional as they are cognitive and rational. This 
conclusion I believe to be warranted not only by the facts presented by 
adult man in civilized society, but also by those observable in very 
early, simple stages of life everywhere. We do not say that an ameba 
knows the sensation it has when it comes in contact with a food-par- 
ticle; nor that a babe knows the sensation that gives rise to the sucking 
reflex when first its lips touch the nipple or a finger tip. Yet both 
amceba and babe ‘convert, or elaborate, the raw fact of contact into a 
set of activities that meets the needs of its existence. Each makes its 
contacts serve its own larger ends as surely as does the adult man; and 
no knowledge is worth anything if it does not do that. 

So we have to recognize that the esthetic, the merely responsive 
aspect of our natures, and the psychically elaborative, the recognitive 
aspect, send their roots down to the very deepest layer of organic con- 
stitution; that the two come side by side from a common matrix of 
organization. Neither can be proved to have arisen earlier than the 
other, nor can either be shown to be derived from the other. This 
fundamental parity between intellect and feeling has vast significance 
for human welfare. Every philosophic system, every educational 
theory, every religious interpretation of life, which fails to recognize it 
is sure to be by so much inadequate. 

One phase of this inadequacy is subjectivism in its many forms. 
Whether as idealism, vouched for in our day by Oxford and Harvard, 
and dressed out in great learning and brilliant dialectic as the “ Abso- 
lute Good”; or as occultism, vouched for by Mahatmas and the 
“Mother Church, Scientist,” and somewhat scorned by the more 
scholarly, the same error runs throughout. The former ignore all of 
man except that part of him which makes syllogisms; the latter goes to 
the opposite extreme and stifles the legitimate demands of the intelli- 
gence for clear and rational thinking. Both fail to recognize that we 
know-and-feel, all in one breath, whenever we respond in an un- 
sophisticated, natural manner to contacts with men and things. 

One of the places in which the intellectualist form of subjectivism 
has got in its stultifying work most disastrously, is in the education of 


‘ children. In spite of spasmodic efforts at reform, the factors of spon- 
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taneous interest and emotional attitude have been practically ignored. 
We have been trying to educate pieces of children. 

We choose for discussion here one phase of the educational situation, 
education touching the living world. We choose this not because it is 
of transcendent value as compared with other aspects, but because the 
writer happens to be a biologist and a teacher. 

Why is it that so few persons even among the educated are gen- 
uinely and broadly interested in and informed about plants and ani- 
mals? Of course everybody cares for plants to the extent of wanting 
good table vegetables and fruits, and nearly everybody cares for flowers. 
Everybody, too, is interested in the domestic products of the animal 
world; and most of us have more or less fondness for a few pet ani- 
mals. After this much has been said it will be allowed, I think, that 
nine tenths of all grown persons in Christian lands are quite indiffer- 
ent to the myriads of plants and animals by which they are surrounded. 
Why is this? Perhaps some one asks what sense there is in such a 
question. To justify the contention that the great rank and file of 
mortals ought not to be thus indifferent, we must reflect a bit on the 
state of being alive, on its nature and scope. 

Are you fond of living? Are you one of that great number of hu- 
man beings who assent to the saying that life is the most interesting 
thing in the world, the thing to be most sought after, most watchfully 
tended? What life is it which you thus appraise? Human life, you 
say promptly; and that is well, so far. But what is human life? Is it 
something wholly apart from the living things round about you? 
Surely you have noted some elements in common between the human 
life you love so dearly and the lowly life you care so little for. And you 
have heard something of what the learned have made out about “ Man’s 
place in Nature.” 

I ask you to summon the best thought of which you are capable, 
and tell me if you have no feeling of selfishness, of smallness, of mean- 
ness, when you assert your love of life and mean by “ life” nothing 


more than your own life and that of your family and friends, or even . 


of humanity generally. On the other hand, tell me with equal candor, 
do you not have a sense of largeness, of generosity, of outgoing to all 
about you, when your love of life encompasses everything that lives? 

By asking the question, Why are most persons so indifferent toward 
most living things, we approach the answer to the question: It is be- 
cause our theory of life does not include all life, and because it is not 
made by our whole selves. It is made by the intellectual side of our 
natures; the affective, the emotional side having almost no part in the 
process. 

I am sure that if the development of our race and our civilization 
goes on normally, man will reach after a time a synthesis of himself 
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far more thoroughgoing than any yet attained ; he will consolidate him- 
self, will get together his powers and faculties, will reach a degree of 
integrity as yet only foreshadowed. When that time comes man will 
see as never before how much bigger a being he is than his intellect; 
how much more he can be and do by putting his whole self, his feeling, 
his emotion, his sentiment, as well as his mind and will, into his work. 

In that day popular sentiment will not hold almost all creatures 
which are more or less obscure as utterly good-for-nothing and to be 
trodden underfoot without a passing thought; will not hold every 
worm, every spider, every snake forejudged and forecondemned as a 
poisonous “horrid thing.” There will be a suspension of popular 
judgment in these matters, as there now is of scientific. There will be 
a general disposition to fair play toward all things that live; a desire 
to treat each according to its merits—to kill it, humanely, if it prove 
really harmful, or if undoubted benefit may come from so doing; but 
otherwise to allow it to go its way. And be it specially noted that the 
benefits of this new day will not end in better sentiment and feeling 
alone. Equally great good will come to knowledge and interpretation. 
A tinge of feeling, of sentiment, toward organisms promotes interest, 
interest promotes attention, and attention is an essential prerequisite 
to the acquisition of knowledge and to sound reasoning. We learn most 
quickly, most spontaneously, most comprehensively, most securely, 
things that interest us, and things interest us most toward which the 
affections go out. 

It used to be said of Louis Agassiz that he handled his specimens as 
though he were in love with them; I submit the question to my fellow- 
students in zoology and botany: Do you not ordinarily come to have a 
teal fondness for the animals and plants you study? I do, and do not 
hesitate to say that through this affectionate interest has come one of 
my main impulses to and satisfactions in zoology. I have no doubt that 
feeling has been an element in whatever of effectiveness my work has 
had. Of course the orthodox intellectualist’s reply to this will be 
prompt and in its accustomed tone of finality. “ Yes,” most biologists 
will say, “ we certainly are fond of the organisms we deal with. We 
have an eye for the gracefulness of form and movement and the beauty 
of color that abound everywhere among living things; but this has 
nothing to do with our biology.” Some will go further and declare that 
not only does feeling contribute nothing to achievement in science, but 
that it is actually hostile to such achievement. To keep sentimentalism 
at arm’s length is exactly one of the things biology has to do, they will 
say ; and will point to the mischievousness of the modern nature-fakers. 

This is not the place to consider either illegitimate or legitimate 
fancifulness in writing about animals. I merely express the conviction 
that much as is to be deplored the flood of mercenary falsity concerning 
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nature that has been poured upon this generation, the whole thing has 
come about from a certain unappeased popular demand. ‘There is a 
widespread and rapidly growing curiosity about and interest in animate 
beings. Such curiosity and interest lead inevitably to efforts for in- 
creased knowledge. The authoritative biology of the day has failed and 
is failing to meet this demand. 

Let any teacher of botany or zoology in school or college, whose ex- 
perience reaches back twenty years, consider the men and women of to- 
day who were once his pupils. Let him ask himself to what extent his 
efforts succeeded in making the plants and animals by which these men 
and women have since been constantly surrounded, vital, potent, 
perennial elements in the effectiveness of their lives. Testing your 
work thus, does the voice of conscience say well done? It surely does 
not for me, and I have no reason to suppose the instruction I gave 
during some fifteen years to general classes in the University of Cali- 
fornia was particularly worse than that given by most teachers. I 
made use of the regulation paraphernalia in the regulation way. There 
were the innumerable wall-charts carefully drawn and colored, with the 
proper conventions for ectoderm, mesoderm and entoderm, and for the 
various cell-parts during indirect cell-division, fertilization, and so 
forth. <A fairly complete set of preparations to illustrate the lectures 
was at hand, some in bottles, some dry. The fundamental nature of 
living substance, “according to the latest and best authorities,” and 
the fundamental difference between plants and animals, were early and 
concisely set forth. Near the beginning of the course the doctrine of 
evolution was made clear and impressive, and strong enough to sustain 
the weight of every fact that should later be brought forward. 

The vast importance from the evolutionary standpoint of a few 
fundamental types, amceba, volvox, the calcareous sponges, the primi- 
tive annelid, Amphioxus, the shark, was duly insisted upon. The gas- 
trula, the ccelome, the nephridia, the somites of the vertebrate head, 
and the rest of the thirty-nine articles of evolutionary faith were set 
forth. The “factors” of evolution were treated with generosity. 
Natural selection was of course given first place, but later mutation 
became its close second. Not only colored figures, but an actual speci- 
men, naturally environed in a glass case, of Kallima, that wonderful 
leaf-butterfly which has been the cornerstone of a whole philosophy, 
was provided to illustrate protective resemblance; and various other 
instances of adaptation were shown. When the topic of animal psy- 
chology was reached, it was pointed out how easily and completely the 
tropism theory disposes of the vagary of earlier notions about the 
intelligence of lowly creatures, and the interesting point was made that 
in a simple caterpillar “ reacting” up a stick we probably have in our 
hands the key to the whole mystery of mind in the living world. 
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Yet, in spite of this shining program, very, very few general stu- 
dents elected zoology and little glow of enthusiasm could be seen on 
the faces of those who did. Students in need of some biological knowl- 
edge for their later professional studies, and drifters from the non- 
scientific departments of the university in need of credits for gradua- 
tion, were the chief constituency of the successive classes. -Undoubtedly 
a few earnest men and women sought the course out of genuine desire 
for knowledge of the kind it was supposed to furnish. But how scat- 
tering these were I see as I look back in memory over the groups that 
came and went year by year. 

And were my efforts of no avail at all? Did nothing whatever lodge 
permanently and potently in the minds of those students? I try to 
believe the case is not quite as bad as that, for the lectures and the 
laboratory work were given with much conscientious preparation and 
with real labor in the actual doing. Probably the level of general in- 
telligence of the men and women who took the course is somewhat 
higher than it otherwise would have been. That is all, I much fear, that 
can be rightly claimed. None but we teachers whose professional repu- 
tations and personal interests are at stake will maintain for an instant 
that this is enough. Our teaching of botany and zoology has failed 
miserably, judged by what is due from it to the spiritual side of men’s 
lives and to the higher reaches of civilization. Why? The central 
reason is clear: It is that certain fine-spun theories about “life,” 
rather than animals and plants themselves, have been the main spring 
of our teaching. The metaphysics of biology and the microscope have 
stood as almost impenetrable screens between the perennially-interest- 
ing, everywhere-present, easily-seen facts of the living world, and the 
natural responsiveness of young learners. 

We have not been metaphysicians by intent or even consciously. 
Indeed, a supposed fidelity to objective reality: has made us loud in 
denunciation of metaphysics. Nevertheless, “fundamental questions,” 
“ultimate problems,” “ complete explanations,” “ final solutions ” and 
other phrases which abound in many biological discussions held as 
strictly up-to-date are but thin disguises, to discerning eyes, of gen- 
uine metaphysics. Far be it from me to pronounce general condem- 
nation on metaphysics. Every domain of knowledge has, from the 
nature of things must have, its particular metaphysics. The indict- 
ment against metaphysics in this case is two-fold. First, metaphysics 
belongs by right only to advanced stages of learning in all fields, and 
so has no business whatever in formal instruction of the young. Second, 
the metaphysics that has dominated recent biology, while being bad in 
many ways, is especially sinister in its influence on education. Mate- 
rialism, the theory now in widest favor, and vitalism, its chief rival, 
might be classed together so far as concerns some of their most essential 
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aspects, under the designation minutism, the theory, that is, that the 
“ final explanation ” of all things is to be found only in the excessively 
small, mostly invisible parts or elements of those things. Hence the 
idolatrous attitude which much of biology has long held toward cells, 
nuclei, protoplasm, chromosomes, enzymes, biophores, determinants, 
etc., and hence the exclusion to so large an extent from real biological 
interest and endeavor, of organisms and parts of organisms which are 
large enough to be easily examined without the aid of the microscope. 

The extent to which the zoology of our institutions of higher learn- 
ing deals with invisible or difficultly visible animals; scraps of dead 
animals, and very small living animals either mutilated or placed in 
wholly unnatural surroundings, is remarkable once one comes to look 
at the situation broadly. The management of a zoological park or 
museum, in need of a trained zoologist as superintendent or curator; or 
the director of an agricultural station who should want an expert on the 
higher animal life of the region, might about as well appeal to a village 
kindergarten or a corner grocery for men equipped for such positions as 
to the department of zoology of most of the great universities of the 
country. 

Persons who devote themselves to the study of living animals and 
plants, especially rather large, common ones like mammals and birds, 
and trees and grasses, and those who study the larger structural fea- 
tures of these larger organisms, can not, according to the prevalent 
view, be admitted to the small, inner-chambered class of philosophical 
biologists, but must remain outside with the great commonality as 
mere “ mammal men” and “ bird men,” or, with some condescension, as 
“mammalogists” and “ornithologists,” and as mere “systematic 
botanists.” 

We have made the sorry blunder of reasoning that since it has been 
found impossible to make knowledge of organisms thoroughgoing at 
any point without becoming microscopists and chemists, therefore, by 
becoming these exclusively, after awhile we shall have plumbed the 
deepest depths of the living world. 

The only justification for speaking of these family dissensions 
within the biological household is that this much seemed necessary as 
preliminary to the expression of my conviction that should speculative 
biology ever become as strongly dominated by a carefully thought-out, 
wholesome metaphysics as it is now dominated by a meagerly informed, 
badly reasoned, unwholesome metaphysics, human beings and the higher 
animals and plants, taken living and whole, would be seen to be more 
interesting than simpler organisms and parts of organisms, just in pro- 
portion as the higher exceed the lower in complexity. 

This reassessment of the living world as to degrees of interest 
would follow such a reformation in the metaphysics of biology since 
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it would be seen that higher and the highest organisms are just as 
“ ultimate,” just as “ fundamental,” as are the lower and lowest organ- 
isms, and that the whole of any organism is as “ ultimate” and “ fun- 
damental” as are any of its parts. 

What this means said in every-day language is that a sorely defect- 
ive general theory, or philosophy of living things, is preventing the 
recognized leaders in biological science from having any vital interest 
in the actual, living plants and animals with which common observa- 
tion and intelligence come in contact. 

So far my point has been that we can not interpret plant and animal 
life broadly and soundly either in technical science or in common in- 
telligence unless the esthetic side of our nature joins with the intel- 
lectual side in determining our attitude toward the beings we deal with. 
Now I want to insist that the business of truly original study is always 
suffused and quickened by feeling. What investigator of nature who 
has ever made a real discovery, however small, does not know that an 
element of emotion was involved? ‘True discovery is always, it seems, 
proportional to the imagination put into the effort that led to it; and 
imagination, even partially fulfilled in actual experience, is emotional 
through and through. The famous story that Newton was so agitated 
that he had to ask a friend to write for him when he saw his calcula- 
tions concerning the attraction of the earth for the moon were finally 
going to be confirmed by Picard’s lately corrected observations on the 
size of the earth might easily be true, whether it is or not. 

Divorce science from feeling as completely as some men of science 
seem to believe it ought to be divorced, and science is dead formalism. 
Real progress in it is at an end. Highly specialized research untouched 
by imagination is worse than dead, it is a birth that has never been 
“ quickened.” In it you have “science for its own sake” sure enough, 
for it becomes so much a thing of technique, of strange new words, and 
of old words with twisted meanings, that none but the esoterics can 
make any sense out of it, much less any practical use. Normal warm- 
blooded human beings are not greatly attracted to a science 


Where soul is dead, and feeling hath no place; 
Where knowledge, ill begun in cold remark 

On outward things, with formal inference ends, 
Or, if the mind turn inward, ’tis perplexed, 
Lost in a gloom of uninspired research. 


But a practical difficulty, the question of what is possible in one 
short lifetime, is sure to be raised here. Does this liberal attitude 
toward nature, this breadth of interest and knowledge, spell its own 
practical if not its theoretical defeat? Does it make demands upon 
investigation and upon instruction of the young which can not be met 
because of the limited capacities of mortal beings? Does it mean 
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superficiality still more wide-spread and debilitating than it is now? 
Not at all. Paradoxical as it may seem, the very conditions that would 
produce a broader knowledge of living things would make that knowl- 
edge more accurate and penetrating. 

Once see clearly how much more educational effort can accomplish 
with small children when it takes advantage of curiosity about, and 
spontaneous interest in, nature, than when it tries to compel interest, 
and one of the main ways of escape from the difficulty here indicated 
will have been found. As to more advanced youths and adults, the 
belief is altogether too widely and influentially held that interest in 
nature is more dependent upon continuous work with and exhaustive 
knowledge of the particular sections of nature concerned, than is actu- 
ally the case. Under the guidance of a free and expansive general 
theory of living nature a keen and genuinely elevating interest in a 
vast range of things about which one’s technical knowledge is rather 
meager, is undoubtedly possible. 

The dread of superficiality entertained by professional biologists, 
while justifiable to a certain extent, is yet often strongly tinctured with 
the notion that profundity of knowledge means knowledge of the deeply 
located parts of organisms; and contrariwise, that any knowledge of 
the exterior, easily visible parts and activities is superficial. This 
tincturing is another of the results of the bad metaphysics already 
referred to. 

But perhaps the most important consideration under this head con- 
cerns the powers of men. Human beings are indeed limited in capacity. 
No one can learn or do everything. Yet exactly where are the bounds 
of human capacity? What psychologist has determined accurately the 
utmost limits of the power of acquisition by any given human mind? 
When we ascribe limitations to the powers of the mind it is vitally 
important that we measure our words. There is a vast difference be- 
tween recognizing that limits do exist and knowing just where they are. 

Such expressions as “ we can do anything we really want to do,” 
and “ we can do what we must do,” though so long familiar in common 
life, are only now coming to scientific definiteness of meaning in 
psychology and biology. We must presently become aware that the 
discovery of the unused spiritual and physical capacities of the human 
being is of transcendent importance; and but for the circumstance that 
our dominant biological philosophy has had no use for, and hence no 
interest in, the facts, it would be surprising that so little notice has 
been taken of them. 

Who that has had anything to do with children has not noticed the 
facility with which they learn certain things, which they take up all 
by themselves, and which it seems there is no reason why they should 
learn? Conspicuous illustrations before us everywhere in the United 
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States just now are the extent to which boys go into electricity, par- 
ticularly wireless telegraphy; and the extent of their mastery over the 
automobile. Nothing has astonished me more than the quickness and 
thoroughness with which I have in several instances seen boys of from 
six to ten years learn the automobile when one has come into the family 
for the first time. I believe thousands of men throughout the land 
will bear witness from their own observations that an ordinary lad of 
ten will learn an automobile as readily and nearly as thoroughly as a 
full-fledged man, and with no seeming effort whatever. 

How long, I ask any school teacher, do you suppose it would re- 
quire for the same boy to master the automobile with equal thorough- 
ness, were it to be taken into the school and studied in the usual school 
way with no other interests and notions than those ordinarily present in 
school learning? My own earlier experience as a teacher in the ele- 
mentary schools, and my later observations on learning and acquiring 
skill, iead me to venture the opinion that no matter how long a boy 
should be taught the automobile by school methods under school con- 
ditions, he would never gain such a mastery over it as thousands of 
boys are now doing in a month or six weeks with no particular instruc- 
tion at al]. The principle is the same, I take it, as that of learning 
languages. We ordinarily make the sharpest distinction between native 
and foreign tongues. As a matter of fact, there is no such distinction 
to a child beginning to talk. To it one language is as native or as 
foreign as another and two or three, who knows how many? will be 
acquired simultaneously and with equal facility during the proper 
language-getting period and under the exigencies of real life. 

The point for education is that in our systems as they are, the 
natural correlations between the stages of individual development and 
subjects to be acquired, native curiosity and interest, spontaneous 
spiritual and physical activity, and social and other environmental 
impingements upon the growing boy and girl, are given the most hap- 
hazard attention by those who make and operate the systems. In the 
matter of the child’s contacts with and attitude toward natural history, 
I merely point out how objectively and largely a child’s first knowledge 
is biological. Its contacts with its mother and its nurse, through all the 
avenues to its inner life, are continuous and vital. The first hours and 
days and months of a babe’s life are a continuous laboratory course in 
biology. Then come the earliest wider contacts and noticings and 
curiosities and attentions and movings about. Think of the inevitable 
conquest of the family cat and dog, and the cow, the horse, the pig, the 
sheep, if by good fortune the youngster’s world contains these animals. 
The nursery and the toy-shop, not the schoolroom and the educa- 
tional supply store, tell the story of how the natural education of 
children runs. 
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Only a few days ago, in a discussion of the perennially debated, 
but never settled, nature-study question, a gentleman affirmed with 
considerable warmth that as to subject-matter the teacher must teach 
what “is interesting to her.” There we have in a nut-shell one of the 
chief factors in the sore inadequacy of nearly all our efforts at formal 
instruction. The supposed needs of the future men and women rather 
than the present capacities, curiosities and activities of the children 
determine both subject and method. What is interesting, not to the 
child, but to the teacher, is the thing to be taught from the vast stores 
of physical nature. 

Unfortunately even this topsy-turvy theory does not get much 
chance to show itself at its best, for too often what the teacher is really 
interested in is her pay. ‘Thanks to the alertness and omnivorous 
curiosity of most children, things would go better if each teacher could 
handle subjects that do genuinely interest her. As a matter of fact, it 
is often true that the topics taught are not those which thoroughly in- 
terest any one in particular; they are rather those which, it is held, 
ought to interest everybody. The course of study, like the famous Mr. 
Herbert Spencer, “ goes fishing with a generalization” for the interest 
of the “ average child,” which has not yet been shown to exist in the 
flesh. No wonder the actual Jacks and Jills fail to rise to the highly 
rational and theoretically attractive bait. 

I have recently examined a large number of elementary text-books 
in zoology and botany, and several general works on the theory and 
practise of teaching, and have been much interested to find how un- 
mistakably and almost invariably they reflect biological and psycho- 
logical doctrines which are thoroughly antiquated. The word “ anti- 
quated ” I use with deliberation. Basal conceptions have to be over- 
hauled now and then; that is the way civilization gets ahead. 

It is obvious to me that Dr. Boris Sidis is on the right road doc- 
trinally, and the example he has given us in educating his own son is 
most important. Looking at young Sidis through the eyes of a biol- 
ogist, I see not necessarily a “ mutant,” or “sport,” but the result of 
a carefully worked out demonstration in nurture. It is an experiment 
I am able to verify at any time by giving the feral, stunted plants of 
our dry mesa lands about San Diego a better chance through stirring 
the soil around them, or summer watering. 

There is no doubt in my mind that under a thoroughly natural edu- 
cational procedure carried on partly in the home and partly in the 
school, any boy or girl capable of being well educated might be better 
educated at seventeen than any but very exceptional students are now 
when they are invested as bachelors by our best universities. By “ bet- 
ter educated ” I mean more broadly educated, more accurately, and, 
above all, more sympathetically and growingly educated. One of the 
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most unfortunate things, it seems to me, about the education young 
people now get is the supposed completedness of it when the class-room 
door has been passed for the last time. 

Any normal man or woman who looks back over his childhood finds 
at least a few great enthusiasms entering in the makeup of his early 
world, which came upon him unawares and were only dimly connected 
with the little exact knowledge he may have possessed. Some of the 
brightest memories of childhood are of feelings, vague, perhaps, but 
none the less real, as to the beauty, the vastness, the mystery of the 
world. The time 


Of splendour in the grass, of glory in the flower, 


is no fiction for most persons. Poets’ fancies are apt to find response 
somewhere in the constitution of most of us, however successfully we 
may have Bessemerized ourselves by mental discipline or business. 
Nearly all children, like nearly all primitive peoples, have in their 
natures the material out of which mystics are made; and of all the 
flames in human’ nature none burn higher and holier than that of 
mysticism. To utilize this raw material, not to the making of mystics 
but of sane, wholesome men and women, I conceive to be one of the 
great educational problems on the hands of this generation. 

Education is failing so signally to meet the needs of rapidly ad- 
vancing civilization because it is not calling forth the best powers of 
the boys and girls. It is not getting at these powers because it is not 
appealing to the real interests of the children; and it is not appealing 
to these interests because it is not taking the children whole; it is try- 
ing to educate pieces of children. Under an educational régime that 
should do no violence either to the nature of children or the nature of 
nature, I am convinced that much of the alert curiosity, lively imagina- 
tion, automatic attention, and spontaneous acquisition characteristic of 
early childhood could and would be carried up into the later inevitable 
strenuosity and anxiety of advanced scholarship and “ sure-enough ” 
life. 

Emerson somewhere exclaims, “The earlier generations saw God 
face to face; we through their eyes. Why should not we also enjoy an 
original relation to nature?” 

The kernel of the educational problem, at least as regards nature, 
is here. Not only “earlier generations” but our own children, enjoy 
“an original relation to nature.” That they ever lose that relation, is 
largely chargeable to defective education. 
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THE TYPHOID FLY ON THE MINNESOTA IRON RANGE? 


By Proressor F. L. WASHBURN 


AGRICULTURAL EXPERIMENT STATION, ST. ANTHONY PARK, MINN. 


7 OWARD the northern part of Minnesota, running from a point 

near Coleraine and Hibbing on the west to Ely on the east, is 
a low ridge of land, on an average about 1,200 feet above seal level, 
known, as most of you are aware, as the Minnesota Iron Range. It is 
not out of place to say that the industries associated with iron mining 
on this range give employment to over 200,000 people, all told, and of 
this number about 16,000, represented by Finns, Austrians (in the 
broadest sense of that term), Italians and a few Swedes, labor day and 
night to bring to the surface and send to Duluth, in carloads, the iron 
ore which enriches the coffers of the United States Steel Company. 
These latter are the miners, the actual workers with pick and shovel, 
and it is of these and their environment, and their relations to the 
common house fly of which we wish to speak. 

I used the expression “bring to the surface.” Let me hasten to 
say that a very large proportion of this mining is surface mining, and 
the mines are, for the most part, particularly in the Hibbing district, 
huge open valleys, made by stripping the surface covering the ore for a 
depth varying from fourteen to one hundred and fifty feet. Below this 
stripping there may be anywhere from fifty to two hundred feet of ore, 
and the removal of this, and the strippings, leaves enormous holes, 
resembling huge craters of extinct volcanoes. So deep are some of 
these artificial canyons, and so tremendous the mountainous piles of 
gravel and sand which constitute the strippings, that the entire topog- 
raphy of that part of the country is being strikingly changed, and one 
would imagine the phenomenon there observed to be the result of a 
mighty convulsion, or of several convulsions of the earth’s crust, did 
he not see, far below him, as he stands on the edge of one of these 
mines, countless men at work, and busy engines, steam shovels and 
trains of ore cars running on temporary tracks, either carrying off the 
strippings, or bringing up the precious ore, which is soon speeding on 
its way to Duluth. 

I have emphasized the fact of the existence of open mines in order 
to make it clear that these men are working in the open air, and under 
conditions which should be, other things being equal, in the highest 

1 Address, illustrated by lantern slide and moving pictures, delivered under 


the auspices of the Entomological Society of America, at their winter meeting 
in Minneapolis, December 28, 1910. 
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DarrY BARN—16 cows. Dung heap was removed the day before, leaving the entrance 
in the condition shown. An out-house is shown at the rear. 


degree hygienic. The miners live in various localities; some in cheap 
boarding houses in the towns in the neighborhood of the mines, some 
in settlements or “ locations,” as they are called, smaller aggregations 
of dwellings, small villages, as it were, situated close to an open mine 
or shaft. Some live in camps—clusters of buildings of a much poorer 
sort than those alluded to above, more or less temporary in character 
and also located near the mines. Of these miners the Finns are by 
far the most cleanly and the most stable; almost all of the married 
miners are to be found in their ranks. The Austrians, by far out- 
numbering the other races, for the most part pass in and out of the 
country as chance dictates, and their domestic habits and the environ- 
ment which they tolerate are so filthy as to lead one to suppose that 
they, above all others, would be the worst sufferers from typhoid. The 
Italians, more numerous than the Finns, less so than the Austrians, 
appear to vie with the latter in the matter of negligence of their sur- 
roundings. The Swedes, industrious and cleanly, are so few in num- 
ber (less than 700 on the entire range in 1907) that we might prac- 
tically disregard them in this discussion were it not for the fact that 
they suffered to some extent from typhoid in a recent epidemic, and 
for a reason to be explained later. 

Now, in illustrating conditions which prevail in one portion of the 
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Iron Range, we are depicting conditions which are found practically 
over its entire length, and if the name of any town is mentioned, and 
pictures thrown on the screen illustrating unhygienic conditions in con- 
nection with any town or towns, it must be borne in mind that these 
are not the only towns, and the Iron Range not the only locality in 
Minnesota where conditions favorable for a typhoid epidemic exist. 

The above-named aliens, who work with pick and shovel, are low 
in the social scale, most of them densely ignorant, the greater number 
of extremely unclean habits, fatalistic in their views, and more or less 
suspicious of well-meant overtures. The workmen in the employ of 
the stripping companies, firms who contract with the mining com- 
panies to remove the soil covering the ore, are composed of the same 
nationalities as those employed by the latter companies, and live in 
much the same conditions. ; 

A manager of one of the stripping companies remarked, speaking 
of the Austrians, that they would not raise a hand to clean their houses 
or other surroundings; they will submit to having it done for them 
by the company, but soon revert to the more primitive and, to them, 
more pleasant state. 

The Austrians, as the term is broadly used on the range, including 
the Hungarians and people coming from the small principalities in and 





SAME BARN AS PRECEDING FIGURE, showing the unsanitary condition of the 


entrance. The photographer endeavored to wade the manure holes and sunk to his 
knees in the water and manure. 
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about Austria and Hungary, are locally called “ Hunyaks” and the 
Italians “ Dagoes.” A “ white,” in range parlance, is a Swede or any 
one of the higher class of laborers who works steadily at his job. The 
employees in the offices of the mining companies, as well as the citizens 
generally, fall under the latter appellation. It is doubtful if the Euro- 
pean homes of these people, almost the only people evidently who are 
attracted, at present, to this class of work, are as filthy as the condi- 


tions with which they are surrounded here, conditions which are a 
menace to the health of any community. 














CREEK WHERE SEWAGE EMPTIES. 


We find, on the range, houses, boarding houses and others, swarm- 
ing with flies. We find garbage cans, old, dirty stables sheltering 
miserable cows and horses, with the accompanying manure pile, and 
the dangerous open privy close to dwellings; dish water and other filth 
deposited in close proximity to wells, dairies that are unholy, so hor- 
rible are the conditions of their environment; sidewalks covered with 
the expectorations of all sorts and conditions of men, through which 
and over which filth walk hordes of flies in summer and early fall; 
alleys there are, too, the filth in which can hardly be described. Last, 
but by no means least, we note absence of screens in the windows and 
doors of dwelling houses, or, if there are any screens at all in a house, 
the good they might do is nullified by the presence of other screenless 
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windows or screenless doors in the same building. Add to these con- 
ditions dense ignorance on matters of hygiene, indifference and intol- 
erance of being interfered with, together with the fatalistic spirit above 
referred to, and one realizes that conditions there are almost always 
ripe for an epidemic. 

It is hardly necessary to dwell at length on the house fly, now 
known as the typhoid fly, as a factor in the spread of the disease from 
which it is named. The excellent work of Dr. Howard along these 
lines, as well as later investigations, has placed the responsibility of 
one means of dissemination of typhoid where it belongs, and, as you 
well know, although we should still have typhoid if the house fly did 
not exist, and in spite of the fact that other insects may well carry 
the germ, the house fly is so evidently the chief offender that the name, 
“typhoid fly,” is a very proper one to call attention to the danger of 
its presence. 

In the eighties the possibility of flies carrying disease germs was 
called to the attention of physicians and the public. In 1898 we find 
what is perhaps the first reference to observations on the house fly’s 
frequenting typhoid excreta, and thence flying to food, and the state- 
ment that bacterial cultures were obtained from both fly tracks and 
fly specks. Closely following this, in 1899, came the outbreak of 
typhoid amongst our soldiers in camp at Porto Principe, and Major 
Reed’s report to the War Department that the epidemic was due to 
flies. The public then began to turn its serious attention toward the 
fly question. In 1900 Howard’s article, published in the Proceedings 
of the Washington Academy of Sciences, on “A Contribution to the 
Study of the Insect Fauna of Human Excrement,” further emphasized 
the great danger from the presence of flies in the household, and, as 
the house fly is the most common fly in that locality, designated that 
insect especially as an enemy to health. Work of different observers 
along these lines followed rapidly enough, every year showing additions 
to the evidence against this common insect, and the campaign against 
it was inaugurated, but it was not until recently that, as significant of 
its habits, and in order to help in this battle, the name of “ typhoid 
fly ” was suggested and adopted by entomologists. 

We know that it may carry typhoid germs on its feet, on the hairs 
over its body, and in its alimentary canal and that these germs may 
live and be potent for some time even after having passed through its 
intestine. We know, in view of recent work, that this fly not only 
breeds in horse manure, but also in human excrement and other forms 
of filth, and it is a matter of common observation that this insect 
frequents all kinds of pollution from which it may carry disease germs 
to human food. You will readily see then, from the description of the 
domestic conditions prevailing amongst the miners on the Iron Range, 
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MILK HouSE, showing the close proximity of a privy which was open to flies. 
The privy is the shed just behind the horse. The horse is standing in the drain 
from milk house, which was being used as a wallowing place for pigs. 


a description not at all exaggerated, that the opportunities for a siege 
of typhoid during the months that this fly is abundant with us are 
most excellent. These conditions were found on the occasion of a 
visit to the range in the early part of last September, the trip being 
taken at the invitation of a member of the state board of health, who 
was anxious to have it made clear just how far the house fly was 
responsible for the epidemic. 

We were told that the flies were more abundant than usual this year, 
the accuracy of which statement is open to doubt, for it is possible that 
observations in two successive seasons were made at different dates, 
flies naturally being more abundant in early September than in July. 
We believe, too, that the prevailing dryness this year may have caused 
the flies to congregate in larger numbers in the mining settlements 
where they found an abundance of moisture and filth as well. In this 
connection it may be said that, in riding over the range in an auto- 
mobile at that time of the year, it was perfectly possible to realize that 
we were approaching a settlement, some time before it came in view 
by the odor wafted to our nostrils. Now, flies are gifted with a keen 
sense of smell, and it is a perfectly natural supposition that they are 
attracted from quite a distance, just as we were repelled, and that gath- 
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ering in these somewhat circumscribed settlements or “ locations,” they 
gave the impression that they were more numerous this year than last. 
In the sense that their numbers were more concentrated, owing to the 
limitation of moisture—a prime necessity in the life of a fly—this is 
probably true. 

It may be of interest to consider some statistics, showing’ to what 
enormous numbers the descendants of one fly may reach in the course 
of asummer. As most of you are aware, the eggs of a house fly hatch 
in from approximately six to twelve hours, and the maggots issuing 
therefrom reach their full size in from four to seven days. The outer 
layers of their body then harden and turn brown, forming the pu- 
parium, while the parts within become-what is known as the pupa. 
The duration of the pupal stage is from five to seven days, at the 
expiration of which time the adult emerges as a perfect fly. The life 
of the house fly then occupies from ten to twelve days, and there may 
be from ten to thirteen or more generations in a summer, depending 
upon the character of the season and on the latitude. Of the length 
of life of the adult we can not speak with certainty, for the only way 
this could be determined is by confining the insects, and when this is 
done, conditions of existence are so unnatural that observations upon 
this point are not reliable. A female house fly which has hibernated 





THE UNSANITARY CONDITION OF THE REAR END OF A RESTAURANT OFF FROM AN ALLEY. 
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in a dwelling house, or elsewhere, may produce in the spring, at the 
lowest estimate, one hundred and twenty eggs. Assuming that one 



































AN ALLEY NEAR THE MAIN STREET OF 
THE Town. 


half of these hatch as females, and 
allowing that the breeding goes on 
without check for four months, we 
have as the descendants of a single 
hibernating individual 214,557,- 
844,320,000,000,000,000 flies. Now, 
a house fly measures exactly one 
fourth of an inch in length; the 
distance around the earth at the 
equator is said to be 24,800 miles. 
It would take, therefore 3,688,312,- 
000 flies placed end to end to go 
around the world once. Using this 
number as a denominator, and the 
number of flies produced in four 
months from one mother as anu- 
merator, we find she will give rise, 
in the course of a summer, to 


enough flies to encircle the globe at the equator five thousand times, 
and have plenty of progeny to spare! 
In considering the relation of the house fly to typhoid, the question 


as to how far a fly can travel may 
suggest itself as an important fac- 
tor, as, indeed, it is. We can not 
speak definitely as to how far a 
house fly can go by its own unaided 
effort. It is evident, however, that 
by making a series of flights this 
insect could cover a considerable 
distance. It does not, however, 
have to depend upon its own pow- 
ers for getting from place to place; 
railroad and street cars, carriages 
and automobiles, provision wagons, 
meat carts, horses, cows and other 
animals all do their part in carry- 
ing this pest free of charge. 
Turning once more to the con- 














VIRGINIA, MIN. 


In an out-house in the background the 
excreta from a typhoid patient were de- 
posited. The water in this pond was 


used at that time by some of the neigh- 
bors for washing. 


sideration of conditions on the Iron Range we should naturally expect 
to have found typhoid most rampant among the most filthy of the three 
nations represented, but, strangely enough, such was not the case, for 
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the Finns, the most cleanly of all, were the chief sufferers, not the Ital- 
ians nor the Austrians. It is regarded as highly probable that this is 
due to the fact that the Finns lunch frequently during the day on cold 
food constantly exposed on their tables, while the Italians have three 
hot meals, and the Austrians also eat hot, recently cooked food. The 
Austrians and the Italians, I am told, use but little milk, and the Ital- 
ians are great beer drinkers. The Swedes, like the Finns, have the same 
habit of eating cold food, and they, too, suffered from typhoid. 

Is it any wonder, in view of the proximity of fever, filth and food, 
which I have tried to describe as existing there, and which the pictures 
shortly to be shown on the screen will still further illustrate, that the 
difficulties presented to the state board of health in combating the 
disease are very hard to overcome. I beg leave, however, to again 
remind you that the conditions which are pictured are such as might 
occur in any mining district where education did not have a constantly 
controlling influence. 

I have already spoken of the foul smells emanating from some of 
the camps, and also from some of the locations. We found that in 
one or two of the camps where there was a breeze there were fewer 
flies than in others not so situated. But it should be borne in mind 
that a very few flies, if conditions are right, may be the cause of several 
cases of typhoid in a locality, and, conversely, the presence of hordes 
of flies would not necessarily mean typhoid when other conditions were 
unfavorable for this disease. We visited two or three or more miners’ 
boarding houses where there were either cases of typhoid at the time 
of our visit, or from which typhoid patients had but recently been 
removed. The landlady in practically each case not only took care of 
the patient until he could be given a bed at the hospital, if indeed he 
were fortunate enough to secure entrance there, but also cooked for 
her boarders. Almost invariably in every such case we found the open 
privy, and windows more or less innocent of screens. At one such place 
visited, the conscientious housewife pointed proudly to her table, which 
was, with its burden of cold food, covered with netting, as she hastened 
to explain, to show her intelligence in this particular, “Oh yes, we 
always screen our table here.” But here, and in many other similar 
situations, the flies were under the netting, crawling in large numbers 
over crackers, cakes and other so-called eatables, which many of these 
people keep on their tables all the time. At a house which contained 
a typhoid sufferer, the privy which received the refuse from the sick 
room was on the bank of a lake or pond, and this pond furnished 
water for washing to at least one family in the immediate vicinity. 
At one location visited there had been a case of typhoid in a house 
adjoining a dairy where about twelve cows were kept. The doctors 
accompanying us were known to the people, and one was asked to look 
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AUSTRIAN BEDROOM. 


at the dairyman’s wife, who was “ailing.” He diagnosed the case 
immediately as incipient typhoid, and the milk man, whose milk house, 
by the way, was quite a fly trap, was told that he must take his wife 
immediately to a hospital at Hibbing or elsewhere, or stop doing busi- 
ness. He chose the former alternative. This case is mentioned as 
showing the need of constant, intelligent supervision of these people 
on the part of conscientous experts. Why more of them do not die of 
typhoid, under existing conditions, is a wonder! The same kindly 
providence which keeps an intoxicated man from harm must be caring 
for them in their blind ignorance! 

The epidemic of typhoid last summer, at Hibbing, at least, did not 
originate in the water. Nor could we trace the disease along any milk 
route, in spite of the filthy conditions in connection with dairies. It 
is interesting to conjecture at this point just how dangerous it is to eat 
dry food contaminated with typhoid germs from a fly’s body. Moist 
food, of course, so impregnated, would, in the majority of cases, be far 
more dangerous, and of all the moist foods, milk is perhaps one of the 
best culture fluids for these germs. It is not improbable, then, that 
although, by some lucky accident, typhoid did not originate in the 
dairies themselves, and the milk was brought to the consumer in a 
fairly good condition, it was there, in the house, in many cases, inocu- 
lated by filthy flies, and the numbers of the deadly bacilli tremendously 
increased. ; 
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Among other circumstances favorable for an epidemic at Hibbing, 
we must not forget to mention the fact that the city sewer, receiving 
the refuse from this town of about 12,000 or more people, empties into 
an open creek not more than half a mile from the city. This creek is 
crossed by two or more bridges, over which delivery wagons pass many 
times a day to outlying towns. We stopped our carriage at one of 
these bridges, and watched the slowly moving filth for a short time, 
noting, upon driving to town, that we brought from that locality many 
flies upon the vehicle we occupied. Multiply this incident by a hun- 
dred and you have an idea of the many daily opportunities presented 
to flies for reaching the various towns in the vicinity. 

This siege of typhoid had been preceded by one of dysentery earlier 
in the season, but this first appearance of dysentery was directly trace- 
able to the water, for at that time the sterilizing plant had not been 
installed, and men had been working for some time in the shaft from 
which Hibbing got its water supply. I was told by a local physician 
that they could predict, in that town, an epidemic of typhoid after one 
of dysentery—dysentery appearing to make the system especially sus- 
ceptible to the former disease. In this town alone, about the middle 
of May, there were nearly or quite 2,000 cases of dysentery, which 
ceased at once upon the purification of the water; and there was con- 
siderable dysentery present at the time of our vist, without question 
due to fly infection. It differed from the water-caused dysentery in 





A MINERS’ BoarDING House IN Town. In the summer time mosquito netting is 


thrown over the table, confining large numbers of flies which crawl over the ex- 
posed food. 
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symptoms and results, being mild, the patient having but little pain 
and nausea, and scarcely any fever, and further, in the latter mentioned 
cases, the patients lost no time from their work. 

We made the statement that this latter epidemic of dysentery was 
due to fly infection. I think we speak advisedly upon this point, and 
can perhaps convince you that the spread of dysentery can be laid at 














AUSTRIANS. 


the door of the house fly in addition to other serious charges. Dysentery 
is rather a broad term, covering a number of very closely allied intes- 
tinal disorders, all presenting, however, the same general symptoms. 
We are told by physicians that there is no one specific germ of dysentery, 
and that it is apparently caused by an excess ia the alimentary canal of 
a number of germs—Bacillus coli is one—found in manure and filth, 
germs normally existing in comparatively small numbers in a healthy 
individual. Now, about two years ago, almost all the inmates of a 
certain institution in Minnesota suddenly developed symptoms of intes- 
tinal disorder, which could be likened to dysentery. This was in the 
cold season, when no flies were present. The trouble was traced unmis- 
takably to drinking water, which was contaminated by the stoppage of 
the sewer from the institution, causing sewage to back up and enter the 
well. These conditions, I am happy to say, have been rectified long 




















THE TYPHOID FLY ~ 149 


since. We believe, therefore, that the dysentery in Hibbing in July and 
August of the present year was caused by germs of the same character, 
brought by the flies from garbage, manure and other filth to food or 
drinking water. 

This closes our account of conditions existing in this district. 
Suffice it to say that we left that locality impressed with the existence 
of the following significant factors: Exposed foulness of all kinds, 
including pathological excreta, in close proximity to human food; an 
enormous number of flies congregating in towns and settlements, where 
an abundance of moisture and filth was found; absence of screens on 
windows and doors, and dense ignorance and indifference on the part 
of the miners. 

In view of these conditions and the danger present every summer, 
the question as to what is going to be done about it is an important one. 
The difficulties which the state board of health and various city boards 
of health have to contend with have been set forth in the above. Tv 
what has been said we should also add that the foreigners, for the most 
part, have not been used to having medicine donated them in the old 
country, and refuse frequently to use the remedies offered by medical 
representatives. It is evidently a fact also that they are not used there 
to the civic freedom which they find in their new homes; that in the old 
country they were under closer and stricter surveillance, in other 
words, they were “ kept in line with a club,” metaphorically speaking. 
These factors, coupled with ignorance, indifference and a false attitude of 
resignation to every ill, are what the physicians of that section have to 
fight. Some of the miners will obtain and use the chloride of lime they 
are directed to apply to typhoid excreta emptied into open vaults; some 
will use it if it is brought to them, but many not only will not purchase 
it, but even if it is furnished them, have to be visited constantly and 
made to use it. This points to one crying need in this matter, namely, 
constant watchfulness over cases on the part of the city or state 
authorities. In addition, enforcement of municipal laws, increased 
hospital facilities on the part of the mining companies, additional 
sewers, pictorial warnings, or, in other words, illustrated circulars in 
the different languages, which they will read and heed. Preventive 
measures may have to be made compulsory. Each locality may have to 
furnish chloride of lime either at the expense of the city or mining 
companies, and daily official visits made by properly authorized officials 
to affected houses. The women of the higher classes, in defense of 
their own families, if for no more altruistic reason, may have to enter 
the crusade. They could do much among people who either can not or 
will not understand the dangers with which they are beset. 

The cloud is not, however, without the traditional silver lining, and 
there is promise of better things. 
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The range is blessed with remarkably fine schools, in many instances 
housed in elegant and costly buildings, where the children of aliens 
appear to be eager to learn. In addition there are, in at least one town, 
night schools for those adults who have free evenings. These latter, I 
understand, are well patronized, and afford an opportunity, one would 
imagine, for some educational work along these lines. In Hibbing 
additional sewers are promised, construction to begin next spring, as 
well as stricter enforcement of the ordinances regarding the removal of 
manure piles, or the covering of the same. 

In conclusion, let me repeat what was said in the early part of this 
lecture, that it is not intended by the above recital to stigmatize any 
town or towns whose names may have been mentioned this evening, for 
conditions very much as described may be found in many other places. 
Circumstances, however, are such on the Iron Range at present as to 
allow the typhoid fly to play a very important part in the lives of the 
miners. 
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WHAT MAKES A COLLEGE? 


By PrRoFEessor A. B. WOLFE 


OBERLIN COLLEGE 


EW aspects of present educational thought are more striking than 
the persistent and telling criticism it is bringing to bear on the 
American College. The universal demand for efficiency in our national 
life has put the college on trial—and has caught it in a state of un- 
preparedness to make a consistent defense in its own behalf. Presi- 
dents and professors differ among themselves not only in holding widely 
diverse ideas on the difficult questions of college administration, but 
also with regard to the fundamental purpose of the college, but until 
this question is settled, and settled correctly, it is hopeless to look for 
well-founded and certain improvement in college efficiency. A wrong 
conception of the function of the college—an erroneous aim—may rob 
otherwise most ideal educational processes of their value and adapta- 
tion to our real needs. 

The aim of the college must change with changing social needs. 
Failure to recognize this fact and to act upon it with sufficient de- 
cision and promptitude is precisely the reason why the American col- 
leges have been caught napping. They have not kept pace with the 
needs of a nation undergoing an unprecedentedly rapid evolution. 

A glance back at the motives and conditions which led to the es- 
tablishment of most American colleges will make this clear. Most of 
the colleges—those not integral parts of great universities, at any rate 
—were established from religious motives by religious institutions. Jn 
the great middle west, where the greater portion of the colleges are 
situated, and where religious conviction and moral decency have been 
for decade after decade considered inseparable, the great bulk of the 
people have considered religious education an indispensable foundation 
for “ character,” and character as the be-all and end-all of education. 
“ Character” has thus been announced everywhere and always the end 
of education, and the task of the college, “ character-building.” Col- 
lege faculties have gone to work at character as if it were an edifice to 
be built up brick by brick, stone by stone, very much in accordance with 
the flowery formulas so often, in the olden days, sounded forth from the 
college oratorical platforms. We now distrust the character and char- 
acter-building formule a little. The terms have had too narrow a 
meaning, have too commonly lacked a rich and concretely significant 
content, to serve as really effective watchwords for the twentieth-cen- 
tury college. They have become, long since, catch phrases, to save us 
the need of reconstruction in educational thought. We need to set up 
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as an end of education something just as fundamental as lies in the 
meat and kernel of these old shibboleths and at the same time more 
specifically and functionally related to modern social life and needs as 
they actually are. We need the classic virtues the moralists of all times 
have loved to dwell upon, but we need much more. We need the trained 
capacity, the knowledge and perspective, to turn these virtues to social 
account, to leaven them with a social consciousness, to render them 
effective by social insight. Goodness does not suffice. We demand effi- 
ciency. Meaning well is not enough. We know that hell is paved with 
good intentions, and that too often they are put to that uneconomical 
use through lack of knowledge of this poor earthly earth. We demand, 
therefore, significant knowledge—we will not tolerate the ignorance of 
prudery or the mere pride of erudition. Both these have been baneful 
influences in the college world. Ignorance we shall have to hold to be 
positively immoral, socially unproductive, and sometimes actually 
criminal. We are going to insist upon the productive life. We want 
moral valuations as well as economic valuations to be sound, and we 
are on the verge of discovering that we can not have one without the 
other. We want institutions, beliefs, social processes to stand on their 
own merit. Unswerving loyalty to authority no longer suffices. We 
demand rational, responsible, thought-out action. 

But the small college, slow to catch the new spirit, or to sense the 
moral growth of the times, sticks to “ character” as the ultima thule 
of education. Tucked away in some secluded and protected nook of 
geographical isolation, sequestered in pleasant preserves of philosophical 
individualism and theological conservatism, many a small college has 
felt, until comparatively recently, only the eddies of the great stream 
of social and intellectual unrest. While the world is painfully going 
through the throes of the birth of a new Zeitgeist, college faculties have 
been content, not uncommonly, to drone away on philosophies of for- 
gotten epochs—afraid, apparently, to venture into the present lest it 
make dangerous demands upon old faiths—faiths educational and ec- 
clesiastical, faiths economic and moral—faiths tried and true in great 
measure, and in their essence capable of meeting any critical test, but 
not as yet fully subjected to such a trying and purging fire as twentieth- 
century rationalism and scientific opportunism seem to some timid 
souls bound to prove. More than this, to pioneer an institution or a 
constituency into the undiscovered future means work, calls for excep- 
tional foresight and circumspection, vigor of purpose, openness of mind, 
and strength to drag along those who, through fear or inertia, lag be- 
hind. To think along new lines, to cast overboard old habits of thought, 
to acquire new viewpoints, is a painful process; no mind likes to be 
remade; few have the power to keep themselves continuously in repair 
and in tune with the times. Yet these are the capacities essential to 
college presidents and to college teachers. 
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Another feature of the history of the small college explains its 
partial failure to respond promptly and effectively to the new needs of 
the time. Most colleges were originally not only religious but also 
denominational institutions, founded primarily to give “ proper” edu- 
cation to men who were going into the ministry of the respective sects. 
In the early days sectarianism was assiduously inculcated, but as time 
wore on its outward trappings were discarded. The colleges, for all 
their shortcomings, had a mighty end in view. They believed in the 


moral life and they perceived that a liberal culture was a necessity for 


the leaders of that Christian morality they hoped, through church and 
school, to make universal. But their conceptions of morality, of the 
Christian life, and of culture were all often somewhat narrow, and 
nearly always lacked that element of adaptability to meet new social 
and moral issues which must now be counted an essential of true, con- 
structive, productive, morality. It is not for us to blame them for this. 
We have rather to seek an explanation of the fact, and to point out how 
it crippled their efficiency and finally helped to bring them to the bar 
of critical judgment. 

A certain narrowness of horizon cooperated with a deplorable lack 
of financial resources. Their limited horizon kept the colleges from 
seeing just how seriously lack of funds impaired efficiency, and con- 
versely their limited resources narrowed their horizon. Both the 
theory and the practise of education were narrow because the colleges 
did not conceive an aim at the same time broadly fundamental and 
intimately and directly related to the specific needs of our national life. 
Moreover, they did not early enough begin vigorous efforts to get re- 
sources adequate to the demands of a broad culture. Their aim was 
intense often to the point of fanaticism, but it lacked breadth and 
adaptability to the actual facts of human nature and of social life. 
The restricted horizon of the colleges was, of course, to no small extent, 
due to the nature of the general moral and social environment of the 
society in which they were located. Like the society about them, and 
from which their students came, they proceeded on the assumption that 
morality is merely a matter of goodness. In spite of their “mental dis- 
cipline ” and “ cultural studies ” they came dangerously near to divore- 
ing morality from intellect. In effect many colleges still take prac- 
tically this position. They have not yet arrived at a social-efficiency or 
social-productivity theory of morality. Primarily the persistent, tra- 
ditional view reflects the strict, non-adaptive tenets of old-time ortho- 
doxy, in which the key note to the highest morality is surrender of the 
will and obedience to authority. Such a view glorified discipleship. It 
allowed reason and self-direction to go so far; then it demanded that 
loyalty to personal authority step in. Something of the inherent selfish- 
ness of medieval orthodoxy ate through our educational system. Rules 
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were set up on every hand for student guidance—so many of them that 
we of these unregenerate days can only pause and marvel. Some 
hampering relics of these elaborate systems of legislation remain, and 
in a few women’s colleges and coeducational institutions innumerable 
rules are still imposed upon the women, even where the men are prac- 
tically without regulation, and where there is much talk of education 
as a training in the power of self-direction. The aim of it was and is 
moral discipline. It was discipline—no doubt of that—but whether it 
was training in self-direction is doubtful. We do not learn to swim by 
being kept away from the water. Trained in a negative morality, a 
morality of shibboleths, a morality of restraint, it is not strange that 
many of the graduates of these older days have to-day inadequate ideas 
of what American society must demand from its educated men and 
women. 

Moral discipline was matched by mental discipline. Certain sub- 
jects were thought peculiarly adapted to mind training. Of course 
these were the classics, mathematics and philosophy. Then science, 
with difficulty, got a foothold in the curriculum, and eventually large 
sums were spent in the equipment of laboratories. For a long time, 
however, there was more or less scorn of material equipment, unless in 
the shape of ornate buildings useful not only for academic purposes, but 
for advertising as well. Even the physical sciences did not have a uni- 
versally cordial welcome. For many years the biological sciences were 
viewed askance; and the modern sciences of society had to creep in sur- 
reptitiously and apologetically through the side door of philosophy. 
Mark Hopkins and his log were a sadly overworked simile. From the 
first, the weak point in the theory of collegiate education was the idea 
of compulsory morality, and the corollary notion that intellectuality 
along broad lines of advancing scholarship was in some ways a danger- 
ous luxury. Not infrequently, even now, do we hear scornful mention 
of “mere scholarship”—and this not from cub undergraduates, but 
from seasoned professors who should know better. Intellectual ca- 
pacity in a student is not infrequently thought a matter secondary to 
his belief in the virgin birth of Christ or the regularity with which he 
attends church. In the professor scholarship is too often deemed of 
less importance than his ability to “influence” students through per- 
sonal contact. Many a thoughtful person, observing small college 
ideals from the inside, is coming to believe that they give too large a 
place to personal loyalty and personal influence and too little to ra- 
tional scholarship. Here we are close to the great and vital short- 
coming of the American small college. It has not duly recognized the 
moral value of intellect and scholarship; it has not furnished its pro- 
fessors with sufficient means or stimuli for scholarship on their own 
behalf, nor has it insisted upon anything but the veriest mediocrity of 
attainment on the part of its students. Not recognizing the value of 
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high scholarship in social service, it has not looked after the character 
and effectiveness of its resources from the point of view of changing 
social needs. 

No one will deny for a moment that the colleges have rendered in- 
dispensable service to the country in spite of their lack of resources 
and of their point of view with regard to scholarship—some indeed will 
say because of it. It is time, however, that every institution of higher 
learning should eschew the old notion of compulsory morality and of 
the paramount desirability of personal influence irrespective of rhyme 
or reason. Other things being equal, the man of the greatest intel- 
lectual equipment will be the most moral man because in the long run 
he will be most effective in advancing the social welfare. The chances 
are that he will have just as much desire to do good as his less well- 
equipped brother; and he will have in addition the very essential ca- 
pacity of directing his forces to the good end he desires to accomplish. 
The small colleges have worked faithfully to make other things equal, 
but only in the universities and in the larger colleges is there yet much 
true insight into the social value of genuine scholarship, or sufficient 
recognition that morality and knowledge go hand in hand. If the uni- 
versities have erred in one direction—letting “ moral discipline” go by 
the board—the colleges have erred in the other. What the colleges have 
now more explicitly to recognize is that the world to-day needs men and 
women whose good intentions, whose Christian “character,” are 
directed and made effective by scientific knowledge of things as they are, 
by hardheaded capacity and courage to think, by energy to act rationally 
and with sympathetic understanding, even in the face of complex diffi- 
culties and unkindly criticism; and that it is the business of the col- 
lege to develop the potentialities of such capacity. 

To develop these basic powers we must have the right processes, and, 
back of the process, sufficient resources, for without resources the edu- 
cation needful to-day is an impossibility. The educational resources of 
the college are its material equipment, its students, and its faculty— 
and the greatest of these is the faculty. When all is said, the faculty 
makes the college—and scholarship makes the faculty. But even now 
the colleges recognize this but vaguely, and with some reluctance, per- 
haps because the men the universities have supplied to them as teachers 
have had often a sort of non-human, pseudo-scholarship of useless eru- 
dition, rather than the real scholarship and the real enthusiasms of 
men and women who not only know their own subjects passably well, 
but are deeply enough interested in human life to wish their work to 
have some direct and tangible relation to it. Given a faculty with gen- 
uine scholarship of this kind, with a reasonable average of experience 
in teaching and acquaintance with educational theory, with a con- 
sciousness of the problems of the college in its relation to the educa- 
tional needs of a democracy undergoing the strains of growth and 
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transition and with the morality of the average educated man or 
woman, and you have the great, prime essential of a college. Without 
such a faculty, all the fine buildings, all the magnitude, all the alumni 
associations and other institutional paraphernalia in the world are dross 
and tinsel. 

It is a popular saying in the colleges that the business of the college 
professor is to teach. Often this carries the implication that a man can 
be an ideal teacher and not be doing some original work in his own 
particular field. No educational fallacy ever did more mischief than 
this. Different ideals of work and purpose must no doubt govern the 
college professor and the university research professor, but in the long 
run it goes without saying that even the college professor will teach 
better if he has some time for what the universities call productive 
work. It is an error to suppose that a man can teach a subject without 
knowing it; and it seems self-evident that his knowledge will be more 
thorough and more effectively interesting to his students if he himself is 
trying, in however modest a way, to advance human knowledge within 
his subject. The man of fine, keen scholarship in his own line, who 
tries to see the relation of his subject to life as a whole, will develop in 
the long run not only the strongest intellectual capacity, but also the 
strongest and most desirably influential personality. Moreover, he will 
ordinarily be scrupulous in the use of his influence. A scathing criti- 
cism might be made of the practise of some college professors who seek 
by their own personal hold on a student to close his mind once for all 
to ideas contrary to those they themselves happen to entertain. The net 
result of such influence is too often an arrested development of the stu- 
dent’s mind before it has had a fair chance to open. 

Why now do the universities possess so many men of fine scholarship 
and the great personality that so often goes with it, while the colleges 
show comparatively so few? Some will deny the truth of this allega- 
tion, but no denial can really stand against the fact that the greatest 
teachers of the country are nearly always to be found in its universities. 
The colleges can not ordinarily hold their best men permanently and 
there are two valid reasons why they can not do so—lack of money, and 
lack of stimuli. It takes stimulating surroundings to develop a scholar. 
The university affords the stimulus to productive scholarship which the 
college lacks. The stimulus offered by the college is usually “ the oppor- 
tunity one has here to influence young men and women through per- 
sonal character.” Now it must be admitted that this is an effective 
appeal, very often, but how much more effective is it when it adds the 
epportunity of influence through solid, vital scholarship! The uni- 
versities draft away the men the colleges need most—those who com- 
bine large scholarship with fine personality—because these men tire of 
the restricted horizon of life in a small college town, and because they 
perceive that they must have larger opportunities for growth and con- 
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tact with the great world, if their usefulness is not in some degree to 
atrophy or ossify. College teachers are not, as a rule, clamoring for 
larger salaries because they love the dollar for its own sake, but because 
they recognize that financial resources are the-bed rock of their own 
efficiency. Most of the captious criticism of the college by business men 
falls by the way because they expect a professor on a salary of $2,500 to 
yield a grade of service the business world considers itself lucky to get 
at $25,000. It is often said that the best men do not go into teaching 
because salaries are so low. This puts the cart before the horse. Not 
only would doubling the salaries paid by small colleges bring in a 
higher average of ability, but no reasonable doubt can exist that it 
would result in a marked increase in the efficiency of present instructors 
and professors. The most promising personal ability may yield disap- 
pointingly small results by reason of insufficient material support and 
absence of the proper incitement. If there is one fault preeminently 
true of the modern small college professor, east or west, it is lack of 
knowledge of the real world of to-day, lack of stimulating contact with 
men and leaders in other walks of life. The college teacher’s time is 
spent largely in contact with immature personalities, very interesting 
generally, very stimulating sometimes, but nevertheless immature. 
This is perhaps one reason why whole faculties come momentarily to 
lack true perspective on moral and intellectual values. It is one reason, 
also, why we are sometimes slow to sense the nation’s real educational 
needs and continue to insist upon antiquated disciplines and outworn 
curricula. It is the exceptional college teacher who has time to pause 
in his work and ask himself, “ What am I here for?” 

The faculty then makes the college and scholarship makes the fac- 
ulty. This granted as substantially true, there is but one sure way of 
getting a scholarly faculty. Pay salaries large enough to call forth, to 
develop, and to retain ability. The average young doctor of philosophy 
can with propriety hardly be called an educated man, in a broad sense 
of the term. He lacks breadth of reading, travel, the stimulating and 
mellow fellowship of men in callings other than his own; he has not 
done a tremendous amount of thinking nor has he thought very deeply 
or broadly; he lacks, in short, the schooling of a rich and assimilated 
experience. The maturity, breadth of horizon and catholicity which 
should characterize the college professor, wherever found, are too often 
lacking. If the young doctor goes into a college, often removed from 
the real intellectual centers, from adequate libraries, from the main 
currents of contemporary thought and interest, he is in a fair way to 
remain for some time essentially immature, and then to undergo prema- 
ture ossification. The small colleges of the past have sought primarily 
to recruit their faculties with men of “ personality and character.” If 
of late they have put somewhat more emphasis on scholarly attain- 
ments, still inability to pay good salaries has necessitated reliance upon 
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graduate loyalty to the college in securing new instructors and pro- 
fessors. The result has been an undue proportion of their own alumni 
on faculties. Inbreeding in college faculties is as disastrous as it is 
elsewhere. The colleges are doomed to continued inefficiency unless 
salaries are increased a great deal more than most boards of trustees now 
have in mind. The college professor does not need to live in style, but 
he needs money just as much as many who do so live—he needs it for 
actual professional efficiency. 

Not only does lack of funds hamper a college in securing a scholarly 
faculty ; it means also more or less deficiency in the material equipment 
the faculty has to work with. Even Mark Hopkins had his log! 
Trustees, it is true, are too frequently dazzled by architects’ plans and 
devote money to the erection of buildings which would better have gone 
to the building up of the faculty, but often, on the other hand, little 
attempt is made to furnish material equipment to teachers and de- 
partments so that they can do their work with a minimum drain of 
energy in routine and clerical work, and improve the actual effective- 
ness of their teaching. The science, language and mathematics de- 
partments usually fare the best, because they have established a vested 
interest in small classes and adequate (?) teaching force, and an 
elaborate material equipment of laboratory apparatus. The departments 
whose only laboratory is the library fare badly. It is comparatively 
easy to get donors to give for buildings but difficult to get money for 
salaries or books—which are the real library. A good library should be 
able to provide ample reading, reference and working material for all 
undergraduate demands, and in addition should spend a great deal of 
money upon journals and reviews, foreign works and reports of learned 
societies which never meet the undergraduate eye, but which neverthe- 
less keep the teacher alive in his subject. How far most college libra- 
ries fall short of even the minimum requirement will be apparent to 
any one who looks up the statistics of American college libraries. 

Lack of funds, then, hampers the development of that large, broad 
and human scholarship we need, not only because college poverty means 
low salaries, but because it means too few teachers, too wide a range of 
subjects for the same instructor to teach, too many hours a week of 
class-room work, too little time for original research and original think- 
ing. “ Out of hurry nothing noble ever did or can emerge,” says a re- 
cent writer." Hurried on one side by too much work to do, hampered, 
on the other, by a disastrous deficiency in library funds and material 
equipment, it is small wonder that the teaching of many a professor is 
sometimes mechanical and far removed from the actualities of life. 

Here lies the great field for constructive administration. In so far 
as mentors of the college are planning devices for mechanically improv- 
ing student scholarship through prizes and distinctions and the like, or 
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are worrying about petty non-economies in routine administration, they 
are not getting down to essentials. They are rather distorting our 
perspective and confusing issues and values. We must demand more 
serious scholarship on the part of our students. And there is no surer 
way of getting it than to have more of it ourselves. We wish our stu- 
dents to develop true moral perspective. Again, there is no surer way 
for them to acquire it than to come into intellectual contact with men 
and women who have it. We get breadth of view only by widening the 
windows of the mind, not by crystal-gazing, however clear our crystal 
may be. The world needs to-day as much as ever it did a far-sighted, 
intelligent, self-directive morality. Never before, perhaps, have college 
faculties so needed capacity intelligently to weigh values, economic, 
political, social, moral, religious. Never before have they so needed 
actual contact with the world, needed to take personal part in the social, 
economic and political conflicts that are certainly determining now, 
over again, whether the country, this time both north and south, shall 
be free or slave, oligarchy or true democracy. The colleges have been 
able to forget, they have revolved about in a beautiful utopian individ- 
ualism of class culture and personal salvation until the uniyersities, the 
trade unions, the socialistic propaganda, the muck-raking magazines 
and even the yellow journals have called it to their attention—they 
have been able to forget that humanity crucified on a reckless indus- 
trialism is as tragic a thing as Christ crucified on the cross. We must 
have pragmatism of service to balance pragmatism of truth. In both 
cases that is worth while which works. Personality is much, loyalty and 
integrity are much, but neither personality, nor integrity, nor broad 
loyalty, can develop properly in the absence of capacity to see all the ele- 
ments of modern life in something like their true values, amid the 
shifting lights of a rapid and complex evolution. True scholarship 
would help to develop this capacity. It would bring us nearer to seeing 
life clearly and seeing it whole—and truthfully. 

The faculty makes the college. Scholarship and experience make 
the faculty. But scholarship and experience depend in the long run 
upon wealth and income. They have their material basis in the dollar. 
Even in education we can not escape the economic foundations of his- 
tory. The American public can have just as good colleges as it is will- 
ing to pay for; and if it is willing to pay reasonably for efficient service 
here, as it pays lavishly elsewhere, it will find that nowhere else does a 
dollar purchase so much real utility. The public is abundantly able to 
pay for better colleges. It simply has not realized that the develop- 
ment and maintenance of ability costs money; nor has it yet a suffi- 
ciently high ideal of what the college should be and do. Least of all 


have many of the colleges themselves the right idea of what makes a 
real college. 
















































































































THE POPULAR SCIENCE MONTHLY 


THE UNIVERSITY IN POLITICS 


By Proressor T. D. A. COCKERELL 


UNIVERSITY OF COLORADO 


EEKING to define the functions of a university in a few words, I 

have thought that we might say: the purpose of a university is to 
conserve useful truth and to add to it. It should be in some sort the 
axis of our intellectual and moral growth, whence proceed the flowers 
and fruits of achievement. This is, of course, claiming a great deal for 
the institution, but it must be remembered that currents flow both ways, 
and the so-called product of the university is really the outcome of all 
human progress. Perhaps a homely illustration may serve our purpose. 
On pleasant evenings one may see the inhabitants of suburban districts 
engaged in watering their gardens. Superficially, they seem to hold in 
their hands useful little machines, from which, by a light pressure of 
the fingers, they are able to project sprays of water, strong or weak, 
straight or spreading, at their pleasure. Now we know that the water 
comes from a great reservoir, and the amateur gardeners have nothing 
to do with its origin or the force with which it escapes from their pipes, 
beyond, indeed, contributing their share of the water-rates. Neverthe- 
less, from the standpoint of practical gardening, a mere deluge of water, 
unguided in its application, would be worse than useless; consequently 
the pipe, the nozzle and the gardener are essential factors for any kind 
of success. The university would be nothing without the great reservoir 
of accumulated human knowledge and experience. From this it draws 
its material and its energy, and yet not altogether so, for its own mem- 
bers, day by day, contribute intellectual capital. Literally construed, 
our analogy of the gardener probably breaks down in every case, because 
there is something creative in all human activity, though it may be, and 
perhaps usually is, reduced to a negligible quantity. Broadly speaking, 
however, the resemblance is sufficient for the purposes of argument. 
The university is, as it were, a nozzle through which flows, under the 
influence of human volition, the directed and organized output of man’s 
mental activity. In the case of the gardener, very much—in one sense 
everything—depends upon his judgment, his ability to direct the water 
where it is needed, and in the best manner. It is even so with us. I 
have in the definition above not said merely that the university is to 
conserve truth, but useful truth. An intensely selective process is im- 
plied, and for this the power of judgment. Thus another definition is 
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equally valid: the purpose of the university is to cultivate judgment. 
The untrained individual will carelessly neglect, wantonly throw away, 
the most precious things because he is deficient in this quality. With- 
out judgment it is impossible to conserve and add to useful truth, from 
sheer inability to distinguish what is useful. What is the criterion of 
utility ? Simply the common sense one, a useful truth is one which will 
serve some purpose, one which has pragmatic ability. We may go 
deeper than that, however. What purpose can truth serve? Obviously 
to join with other truth in a system of ideas. There is, as it were, a 
sociology of thought, a cooperative commonwealth of the mind, not un- 
like that exhibited by human society, and strictly parallel with it in 
development. Now in society, where all may share in the fruits of the 
intellect of the few, numbers and variety are necessary ; so is it also with 
the mind, and thus judgment is not an esoteric ability conferred at 
random on pensive souls, but is dependent for its very livelihood on 
sufficient and diverse knowledge. 

According to the description we have given of university functions, 
it must be apparent that the relation between foci of learning and 
public affairs is fundamental. Knowledge and judgment are the very 
qualities which necessarily determine the success of a politician in any 
broad and lasting sense. A successful public man is one who efficiently 
serves public ends; no other definition is possible, although, according to 
it, some current motions of success may be reversed. Many there are who 
unquestionably are successful, and likewise are public men; so there 
are great fools who are also men, but we do not call them great men. I 
think we may say without contradiction that the things the university 
stands for are precisely those most valuable in genuine politics, as 
distinguished from the mere struggle between predatory interests. 

Here it will occur to many that academic bodies are somewhat arro- 
gant, in the face of the fact that so much good knowledge and admirable 
judgment has resided and does reside in persons who have never been 
subjected to college influences. Such criticism is justly directed against 
claims occasionally made, but broadly speaking it has no foundation. 
The university is an intellectual focus, just as the church is a religious 
one, and from each the light spreads in all directions. It is not possible 
to say just where either begins or ceases. Legally, it is true, the univer- 
sity is a definite corporation, with particular precisely indicated mem- 
bers. Spiritually, intellectually, it is nothing more than the nucleus of 
an intellectual nebula; which nebula, in fact, is world wide, with as 
many nuclei as there are centers of learning, whether represented by 
buildings and charters or not. Thus to be a citizen of the university is 
ipso facto to be a citizen of the world, and the custom prevalent in some 
European countries of addressing all co-workers in one’s subject as 
“dear colleague” is abundantly justified. So the university need not 
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be ashamed to make large claims, always provided that it is really a 
place of intellectual and moral activity, and not a mental vacuum con- 
cealed by handsome buildings. 

Many, substantially agreeing with what has been said, will declare 
that the university should not be in politics, because it cultivates knowl- 
edge and judgment, for others to apply. It is also often said that uni- 
versity professors are not practical men of affairs, being absorbed in 
their studies, while the world goes by unheeded. Taking the last state- 
ment first, we must confess that there is something in it. It is possible 
for a specialist to be doing splendid work, of the greatest advantage to 
mankind, without having any clear idea of the ultimate application of 
his discoveries, much less those in other fields. On the other hand 
eminent specialists are sometimes distinguished, like Huxley and Vir- 
chow, for their broad grasp of social questions and great services as 
publicists. Aside from these considerations, however, is the fact that 
the university is in a sense an intellectual baby-farm, and the infant 
ideas nourished there are many of them not yet ready to go out in the 
world and do their day’s work. It is about as just to complain of the 
inutility of new truths as it would be to blame mothers of young 
children in time of war, because of failure to contribute members to the 


army. 
There is, however, one quality of great public value in which 
scientific men are admittedly as preeminent as the majority of present- 


day politicians are deficient. This is the power, or the habit, of forming 
so-called impartial judgments, that is, judgments based on the available 
evidence, not dictated by partisan or personal desires. We are only just 
beginning to realize that men of this class will be widely useful in the 
guidance of the ship of state, bringing about the transformation of 
much that is undesirable in the life of this nation. It is not expected 
that every scientific man will offer opinions on every subject; precisely 
because he has the quality referred to he will refuse to do this; but when 
he feels competent to express an opinion, after due research, it will be 
worth more in the consideration of the tariff, the treatment of the 
Filipinos, or the question of railroad regulation, than that of any po- 
litical boss who ever lived. This opinion will not be impartial, in the 
sense of being colorless rarely will the expert desire or contrive to sit 
gracefully on the fence, but it will bring to a focus the best results of 
human thought as applied to the matter in hand. Against all this will be 
cited the well-known saying that “ doctors disagree.” You can find an 
“expert,” people say, to declare anything. It is true that on many 
important scientific questions eminent workers differ greatly, but when 
this is the case, those questions are considered still open for discussion. 
It is one of the merits of science, as against partisan politics, that she 
does not feel obliged to decide everything as though by infallible judg- 
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ment. Many things are still in the experimental stage. It should be 
stated, however, that most of the alleged experts who muddle the public 
mind are partly or wholly pseudoscientific. A very small amount of 
inquiry among the citizens of the real republic of science would demon- 
strate this to any one. 

Thus, I think the members of any university faculty should be “ in 
politics ” to the extent of being ready and anxious to help wherever they 
can, to come forward and fight for what they believe to be true and wise. 
They should also, it is almost superfluous to say, stand always for the 
moral and decent thing. On the other hand, speaking for myself, I do 
not see how any man with scientific training can be a strictly “ regular ” 
member of any political party. In some particular controversy, he may 
be wholly on one side, but in the long run, orthodox party service 
deprives him of that freedom of judgment and action which he deems 
so essential. Fortunately, everything indicates the breaking up of the 
old rigid lines; not, I believe, so much to form new ones along fresh 
directions of cleavage, as to allow greater freedom for the products of 
honest thought. Thus the initiative and referendum, by compelling 
people to form judgments on particular questions, will prove well worth 
the expense and sometimes inconvenience they may occasion. 

What about the student body in politics? Its members are young 
and relatively inexperienced, but they are, we hope, to be the politicians 
of the future. They ought, at any rate, to be in training for public 
service. Probably the greatest criticism that future generations will 
make on our present educational system is this, that thought and deed 
are too far apart; so far, often, that the deed never follows. Every one 
deplores the lack of earnest purpose shown by so many university stu- 
dents, and many attribute it to an absolute deficiency in the individuals 
concerned. Much of it, I fancy, is due to nothing more than lack of 

opportunity to do things; an opinion confirmed in part by the extraor- 
dinary activity shown from time to time in foolish undertakings, and 
in part by the excellent record in life of many men who were never 
considered very able in college. It is in many ways a difficult situation, 
yet I confess I should be willing to see our students more active in 
public affairs, more like those men of the universities who have always 
taken prominent parts in political crises in Germany. To some extent 
the faults of immaturity are offset by the fresh and generous attitude of 
one who goes to battle unwounded and unafraid. I remember how a 
certain writer once rejoiced that he had, when a young man, written a 
book. It was bold to the point of error, he would not, could not, write 
so now—but, after all, it had a precious quality he could never again 
approach. 

The internal activities of the university afford scope for a good deal 

of political talent, but unfortunately their purposes are often petty, and 
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their conduct sometimes reflects all too well the method prevalent in 
“real” politics outside. Here again, no doubt conditions are improv- 
ing, and the time may come when even the most insignificant matters 
afford scope for the development of habits and points of view of the 
utmost moment. We have also the civic clubs, really entering into the 
national arena to some extent, and already doing valuable public service. 
In all of this, we shall reap approximately what we sow. If, in 
some countries learning and possibly virtue are more highly esteemed 
than in our own, it is the work of those who have stood for learning and 
virtue, year after year, month by month, day by day. These things will 
not come without conscious and long-continued effort. I feel that in our 
anxiety for material support, we sometimes forget the essential things. 
It is good to have money, it is delightful to see a large and growing 
student body, but whatever comes of it, let us always refuse to sell our 
birthright for even the largest, most attractive mess of pottage. 
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THE CLASSIFICATION OF THE SCIENCES 


By Dr. IRA WOODS HOWERTH 


THE UNIVERSITY OF CHICAGO 


HE sciences are divided by Spencer, Karl Pearson and others into 

two great groups, the abstract sciences and the concrete sciences. 

The abstract sciences are those which deal with the modes under which 

the phenomenal world is perceived. They have to do entirely with the 

“relations of co-existence and sequence in their general or special 

forms.” 1 Mathematics and logic are the two main branches of this 
division of the sciences. 

It has been suggested by Comte, and insisted upon by Professor 
Lester F. Ward,” that mathematics and logic are not true sciences, but 
merely “forms” or conditions of science and aids to its study. We 
need not here concern ourselves with this question. Our interest is 
rather in the classification of those sciences which deal with phenomena 
themselves rather than with the modes under which they are perceived, 
that is, the concrete sciences. 

The classification of the concrete sciences may proceed, of course, 
from any one of a number of bases, as the chronological order of their 
development, their logical relationships, the evolution of their subject 
matter, etc. Bacon’s classification is based upon three assumed faculties 
of our understanding—memory, imagination and reason; and Comte’s 
classification rests upon the order in which the subject matter of the 
various sciences has been evolved. The latter is the basis of the classi- 
fication we are about to propose. 

The first consideration, then, must be the order in which the great 
natural groups of phenomena have manifested themselves in creation, 
that is, in the great evolutionary process. 

Evolution has been described as that view of the universe which 
assumes that a vast, uniform, uninterrupted process of development 
obtains throughout all nature; and that all natural phenomena without 
exception, from the motions of the heavenly bodies and the fall of a 
rolling stone to the growth of plants and the consciousness of men, 
obey one and the same great law of causation.* Science, to be sure, has 


* Spencer, ‘‘ The Classification of the Sciences,’’ ‘‘Essays,’’ Vol. III., p. 10. 

*See Ward, ‘‘Dynamic Sociology,’’ Vol. I., p. 106; also ‘‘ Applied Sociol- 
ogy,’’ p. 306. 

* Haeckel, ‘‘ Freedom in Science and Teaching,’’ Chap. I. (Humboldt edi- 
tion, p. 10). 
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not yet closed up to the satisfaction of all the gaps in this process, but 
its “uninterrupted ” character will hardly be denied by any one to 
whom this discussion will be of interest. We may assume that the 
principles of uniformity and continuity in evolution have been estab- 
lished. 
Now the general process of evolution may be roughly divided into 
cosmic, organic and social; and it will not be denied that organic evolu- 
tion has succeeded cosmic, and social evolution, organic. There are 
here presented, then, three great classes of phenomena in their genetic 
order; and not only that, but also three great divisions of the forces 
which occasion these phenomena, and three groups of sciences of which 
these phenomena are the subject matter. We shall now proceed to 
analyze the forces which produce these three kinds of evolution. 

Cosmic, or inorganic, evolution involves three kinds of changes— 
atomic, molecular and molar. There are accordingly in this department 
of evolution three sets of causes. These causes are forces to which we 
may ascribe the names atomic, molecular and molar. Changes which 
take place in the organic process are vital and mental; or, as we prefer 
to call them and the forces which give rise to them, biotic and psychic. 
The biotic forces are those which occasion the phenomena of life, and 
the psychic forces those which occasion the phenomena of mind. 
Finally, the phenomena of the social world must owe their causal re- 
lationships to forces which may be grouped under the general term 
social. We have, then, the forces of the phenomenal world analyzed 
into the atomic, the molecular, the molar, the biotic, the psychic, and 
the social forces. 

It is important to observe that these various kinds of forces are not 
coeval, but have been successively brought into existence by the process 
described by Professor Ward‘ as synergy. As a beginning of the evolu- 
tionary process, we may assume atomic attraction and repulsion, atomic 
collision, elective affinities—that is, atomic forces, and atomic forces 
only. Other forces had no existence in nature except as potency. It 
seems obvious enough that there could be no molecular forces until 
the molecule was built up, no molar forces until molecules were combined 
in masses, no biotic or vital forces until living matter was brought into 
existence, no psychic forces until mind appeared, and no social forces 
until the formation of the social group. Thus the various realms of 
forces here suggested are coeval and co-extensive with an equal number 
of great and well-defined fields of phenomena. No phenomena without 
change, no change without force. To these fields of phenomena we may 
now turn our attention. 

To the changes of phenomena occasioned by atomic forces the name 
chemical is applied. Chemical change, so the books say, is one which 


*See Ward, ‘‘Pure Sociology,’’ p. 171 et seq. 
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does not destroy the specific identity of a substance. To a change 
which does destroy this specific identity we apply the term physical. 
This is, of course, a narrow use of the term, but it is in accordance with 
past usage. Chemical phenomena are, then, the phenomena produced 
by chemical forces, and physical changes are those produced by molec- 
ular and molar forces. Chemical phenomena are first in order of time. 
“In the beginning” were atoms, atomic forces, atomic changes, 
chemism. 

The second order of phenomena are the physical. They include the 
movements of molecules and masses from the invisible compounds of 
atoms to the great aggregates of matter in suns and stars. They are 
the natural outgrowth of chemical changes. Cooperating with the 
chemical forces the physical produced organic matter, protoplasm, and 
thus initiated the third great natural group of phenomena, the bio- 
logical. Biological phenomena, which are the manifestation of the 
biotic forces, include, of course, the whole range of phenomena between 
inorganic nature and the origination of mind. Mind, we must assume, 
was also the creation of the preexisting forces, and the manifestations of 
mind, or psychic phenomena, constituted the fourth great division of 
phenomena. Finally, beginning with the origin of social groups, we 
have the constantly extending field of phenomena known as social, a 
direct manifestation of the social forces. . 

We have now presented a classification of forces and phenomena 
based on their genetic relationships. This, it will be observed, is equiv- 
alent to the classification of possible knowledge concerning concrete 
phenomena. It is thus a classification of the sciences. For a science is 
a study, or the classified knowledge resulting from the study, of a 
definite field of phenomena occurring in natural sequence as a result of 
a particular set of forces. Our classification of forces and of phenomena 
in their genetic order is, then, in reality a serial or genetic classification 
of the subject matter of the sciences. “Sciences,” says Ward, “in so 
far as they can be grouped at all, simply represent the natural groups 
of phenomena, and to determine the natural order in which phenomena 
are related to one another as indicated by their respective antecedence 
and sequence in the march of evolving forces, is to determine the 
natural order in which the sciences stand to one another.”* The re- 
spective fields of forces and phenomena as already classified, then, imply 
corresponding sciences. There are five such fields, namely, chemical, 
physical, biological, psychological and sociological. Hence there are five 
great sciences: chemistry, physics, biology, psychology and sociology; 
and unless phenomena do not arise in the order stated above, this is a 
classification of the sciences which implies their genetic relationships 
and their relations of dependence. It is the order, too, of increasing 


***Dynamie Sociology,’’ Vol. I., p. 147. 
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complexity. The phenomena and forces of each science appear in all the 
sciences which succeed, but not in those which precede, it in the scale. 
Each science is thus engaged in the study of a new set of forces and 
phenomena. The order of the sciences here stated is, therefore, the 
order of increasing complexity and diminishing generality. 

The foregoing classifications of the evolutionary process, forces, phe- 
nomena and sciences may be resumed in the following table: 








Evolution Forces Phenomena Sciences 





Atomic Chemical Chemistry 
Cosmic Molecular Physics 


Molar Physical 


: Biotic Biological Biology 
Organic Psychic Psychological Psychology 


Social Social Sociological Sociology 














It is not necessary to contend or assert that the forces of the various 
fields of phenomena, and the consequent extent of the respective sci- 
ences are, or ever can be, as sharply defined as the foregoing discussion 
might seem to indicate. The possible overlapping of the fields of phe- 
nomena and the corresponding sciences should be indicated in the table 
by an arrangement of braces connecting them. 

Chemistry, physics, biology, psychology and sociology are, then, the 
five great divisions in a comprehensive classification of the sciences. 
They are the five great stems or branches out of which all the other 
and more special sciences necessarily develop. There is no true science 
which may not be subsumed under one or the other of these general 
sciences. 

Let us now compare the foregoing classification of the sciences with 
others, particularly those of Comte and Spencer. Comte’s well-known 
“hierarchy ” of the sciences includes the following: mathematics, 
astronomy, physics, chemistry, biology and sociology. Spencer in- 
cludes in the concrete sciences astronomy, geology, biology, psychology, 
sociology and ethics. As already observed, Comte indicated a belief 
that mathematics is not a true science. It should also be noticed that 
he gave to biology a wider meaning than is ordinarily ascribed to it. 
He included what he called “ transcendental biology,” by which we may 
understand cerebral biology or psychology. He also, in his later writ- 
ings, made ethics the final term of the series. His classification needs 
to be rearranged before a comparison is made. This rearrangement has 
been made by Professor Ward in a comparison of the classifications of 
Comte and Spencer. For convenience in comparison, we shall place the 
classification of Comte, Spencer and the one proposed in parallel 
columns: 
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Comte’s Classification Spencer’s Classification Proposed Classification 
1. Astronomy 1. Astronomy 1. Chemistry 
2. Physics 2. Geology 2. Physics 
3. Chemistry 3. Biology 3. Biology 
4, Biology 4, Psychology 4. Psychology 
5. Cerebral biology 5. Sociology 5. Sociology 
6. Sociology 6. Ethics 
7. Ethics 


It will be observed that beginning with biology all three classifica- 
tions are the same, with the exception that Comte and Spencer include 
ethics as a science coordinate with others of the group. If it properly 
belongs there it must have a special field of phenomena occasioned by 
a special set of forces coordinate with the social forces. But ethical 
forces and phenomena are occasioned by the social forces; hence ethics, 
as Professor Ward has pointed out, is only a department of sociology. 

The chief difference between the proposed classification and those 
of Comte and Spencer lies in the divisions preceding biology. Astron- 
omy with both Comte and Spencer is the first great division of the 
sciences. But to make astronomy the first of the sciences in a genetic 
classification is to imply that the subject-matter of astronomy is at the 
beginning of the creative process. Stellar phenomena, however, must 
have been preceded by both physical and chemical phenomena. Instead 
of being first and coordinate with other great sciences astronomy is 
properly a subdivision under physics. This is sometimes indicated by 
the application to astronomy of the names astro-physics, or celestial 
physics. Since it seems that stellar phenomena properly belong to the 
field of physics and chemistry, we are obliged to omit it from the 
classification as one of the great general sciences. 

In Spencer’s classification geology is placed second in the list. This 
is surely unwarranted. Geology, the study of the earth, is no more 
coordinate with chemistry, physics, biology, psychology and sociology 
than is the study of Venus, Mars or the moon.® Geology, then, like the 
science of any other planet, properly belongs under astronomy. 

The remaining and perhaps the most fundamental difference of the 
proposed classification from that of Comte is that in the former chem- 
istry precedes physics. Bacon called physics the “mother of the sci- 
ences.” Haeckel also, in the concluding chapter of his “ Wonders of 
Life,” speaks of physics as the fundamental science. In the fourth 
chapter of the same book, he writes as follows: 


The study of the atoms and their affinities and combinations belongs to 
chemistry. As this province is very extensive and has its special methods of 
research, it is usually put side by side with physics as of equal importance; in 
reality, however, it is only a branch of physics—chemistry is the physics of the 


* This is the opinion also of Professor Ward. See ‘‘ Pure Sociology,’’ p. 69, 
footnote. 
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atoms. Hence, when we speak of a physico-chemical inquiry or phenomenon 
we might justly describe it briefly as physical (in the wider sense). 


But “in the wider sense” all natural phenomena are physical. 
Thus we have the psychophysics of Fechner and Weber, and the social 
physics of Comte and Quetelet. Comte classed chemistry as one of the 
divisions of terrestrial physics, as if chemical phenomena were limited 
to the earth! In our classification we use the term physical in the nar- 
row sense, and the science of physics is regarded as dealing with the 
molecular and molar movements of matter, that is, with physical 
changes no matter where they take place. These changes are preceded 
in the evolutionary process by the phenomena due to atomic affinities 
and combinations. Chemistry, therefore, should precede and not follow 
physics in a comprehensive genetic classification of the sciences. We 
thus make it first in the order of our classification, since its phenomena 
and forces are first in the order of time. 

It would be interesting, perhaps, to continue farther an analysis of 
the sciences in order to show where some of the more familiar of the 
special sciences belong. Chemistry obviously falls into the two divi- 
sions, inorganic and organic. Physics may quite as obviously be divided 
into molecular and molar physics. The former division includes such 
sciences as thermology, electrology, etc., while under the latter, since it 
includes the study of all phenomena occasioned by the gravic forces, 
must necessarily fall such sciences as barology and astronomy, or at 
least that part of astronomy known as astrophysics. Geology, the sci- 
ence of the earth, a planet, belongs properly, as was said before, under 
astronomy. The general science of biology is the synthesis of four great 
special sciences, namely, protistology, phytology, zoology and anthro- 
pology. Psychology is individual and social. Finally, sociology 
should fall into the special sciences of the respective social groups, but 
the terminology is wanting. The special social sciences, as, for in- 
stance, history, politics, political economy, jurisprudence, etc., while 
they properly belong under sociology, are coordinate so far as the re- 
spective fields of their phenomena are concerned, and are consequently 
not subject to arrangement on the basis of their own genetic relation- 
ships. 

It would be difficult, however, if not impossible, to arrange dia- 
grammatically the special sciences without cumbersome repetition, 
even if one possessed the requisite knowledge. Each branch of a science 
may be a contributor to a special science. Each division of biology, for 
instance, has its own morphological and physiological sciences. An 
attempt at such an arrangement, with existing scientific nomenclature, 
would involve extensive neologism. 


* Haeckel, ‘‘The Wonders of Life,’’ New York, 1905, p. 88. 
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By Dr. J. ARTHUR HARRIS 


CARNEGIE INSTITUTION OF WASHINGTON 


i the man of affairs the progress of science must seem monoto- 

nously methodical. Should he walk through the scientific section 
of a great library he would find massive walls of books, journals and 
learned transactions, and would note that year by year the tomes of 
which these walls are built up become a little thicker and that new and 
more specialized series are interpolated among the old. 

Blowing the dust from the tops and cutting pages here and there 
he would soon find himself completely confused. Nowhere would he 
be able to turn down the page corner and say, “This is fundamental: 
this represents a real step forward: this is one of the milestones in the 
advance of science.” 

Those who are not visitors in the stacks but work there, know that 
except in the accumulation of facts the growth of science has by no 
means been a movement of uniform acceleration. Most scientific in- 
vestigators are imitative, contributing to detail but setting no new 
landmark on the horizon. Now and then, however, a man of keener 
imagination and clearer mental vision sees a new and attractive region 
for exploration and blazes a trail. Sometimes the new field is reached 
after great effort, sometimes only an easy ridge has to be crossed. 
Others at once follow his leadership, clearing, mapping, describing 
and illustrating. The work of both is essential, but the one we honor 
as an explorer and the other we respect as a surveyor. Most men of 
science are surveyors merely. 

On January 17, 1911, one of the great explorers, both literally and 
figuratively, laid down his active work in the sciences and humanities. 
Had death come a quarter of a century ago, scientific men would have 
mourned the loss of an able colleague. To-day, sadness can not be 
limited by the boundaries of the divisions of the many ologies, for the 
world has lost another of the great Victorian minds, the peer of Hux- 
ley, Spencer and his own cousin, Charles Darwin; yet regret must be 
tempered with a profound thankfulness that a life so rich in achieve- 
ments and in personal influence could be granted the full term of 
nearly ninety years. Twenty-five years ago, Mr. Galton had already 
contributed his “Tropical South Africa” and the “ Art of Travel” to 
the literature of geographical research. His inventive genius and me- 
chanical ingenuity had been telling factors in the nascent science of 
meteorology. Human faculty in various phases had interested him, 
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and as early as 1869 he had published the great work entitled “ Hered- 
itary Genius,” and in “Inquiries into Human Faculty” of 1883, he 
had suggested the term eugenics for the science of race improvement, 
and had advanced strong arguments in favor of its practicability. 

Had 1885 instead of 1911 staid his pen, we should have been de- 
prived of “ Natural Inheritance.” We should have lacked his greatest 
contribution to scientific method—one of the most powerful tools of 
research—the correlation coefficient. Criminologists would have missed 
his contribution of the finger print method of identification. Biometry 
would have wanted his personal stimulus and support which has 
counted so much in the development of the new science. Humani- 
tarians would have had to wait from another not only the initiation of 
comprehensive quantitative investigations of the relative significance 
of heredity and environment—of nature and nurture, as he happily 
expressed it—but also the courage to urge the possibility of the im- 
provement of the human stock under present conditions of law and 
sentiment. 


ANCESTRY AND TRAINING 


One of Galton’s great problems, that concerning the relative im- 
portance of nature and nurture in determining the characteristics of 
the individual, might be hard to solve from a study of his own family 
history. 

When one is told that Francis Galton and Charles Darwin were 
both grandsons of Dr. Erasmus Darwin, and learns the mental traits 
and physical powers of other direct and collateral ascendants, he is 
ready to cast the ballot at once for inheritance, or nature. But when 
one opens the delightfully written “ Memories of My Life” and reads 
of his home life and of his contact with profound and alert minds in 
hospitals and at Cambridge, one hesitates and wonders whether en- 
vironment, or nurture, should not be credited with a substantial share 
of his greatness. 

In human families, however, nurture is largely a product of nature. 
It was not by accident that Samuel John Galton, the manufacturer 
and contractor, grandfather of Francis Galton, was associated with 
such men as Priestley, Dr. Erasmus Darwin, Keir the chemist, With- 
ering the botanist, Watt and Boulton. So in the other associations of 
the family, one can see ability seeking its like; while his attainments 
may be in part due to economic independence and propitious environ- 
ment it must be also borne in mind that independence and environ- 
ment are in their turn referable to the innate ability of the stock from 
which he came. 

The greatness of the man is attested by the facts that there was a 
minimum of training and a maximum of accomplishment, and that as 
in the case of many other intellectual leaders it is impossible to dif- 
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ferentiate clearly preparation and life work. | In some of our institu- 
tions a man eager for research in any field must have his enthusiasm 
smothered and his personal ingenuity choked down by all of the minor 
requirements for the gilt seal of the university degree. Independent 
of the university stamp Mr. Galton spent his youth using his eyes and 
mind while working with the best men he could in hospitals and at 
Cambridge, where owing to a serious breakdown in health he contented 
himself with a poll degree instead of reading for mathematical honors. 
Throughout life the discipline which made possible the next and greater 
task yielded its own contribution to science. Days and nights in wards 
demand keenness of observation. This and his early travels in Egypt 
and Syria prepared him to be a scientific explorer instead of merely a 
gentleman sportsman bagging big game in tropical Africa. His 
fascinating book on Damara and Ovampo Land gave him the scientific 
standing of a gold medalist of the Royal Geographical Society in 1853, 
but his “ Art of Travel” which grew naturally (for a man of Mr. 
Galton’s type of mind) out of his Syrian and African experience per- 
haps counted for more in the advancement of geography. The one 
contained its own quota of concrete facts; the other served to instruct 
others in the art of exploration. First-hand experience with clinical 
thermometers, practical use of sextants in the wilderness and early 
experiments with a printing telegraph are good preparation for an 
active part in the work of the standardization of instruments and of 
the development of methods for the publication of meteorological data. 
Human faculty and heredity are closely linked together, and from 
heredity to eugenics is only a short step, and one forced upon the man 
who goes deeply into the former. 

Some of the reminiscences of the period of training which have 
been given us in the “ Memories” are interesting even to those whose 
lives go back to the early days of modern medicine. 

His life as indoor pupil in the Birmingham General Hospital began 
in the fall of 1858. 

The times of which I am speaking were long before those of chloroform, 
and many years before that of Pasteur and Sir Joseph Lister. The stethoscope 
was considered generally to be new-fangled; the older and naturally deaf prac- 
titioners pooh-poohed and never used it. 

Once a powerful drayman was brought in dead drunk with both of 
his legs crushed and mangled by a heavy wagon. 

They had to be amputated at once. He remained totally unconscious all the 
time, and it was not until he awoke sober in the morning that he discovered that 
his legs were gone. He recovered completely. The question that then presented 
itself to me was, ‘‘ Why could not people be made dead drunk before operations? 
Could it be effected without upsetting their digestion and doing harm in other 


ways?’’ The subsequent discovery of inhaling instead of drinking the intoxi- 
cating spirit, whether it be chloroform or ether, solved that question most happily. 
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Writing of student days at King’s College where, or at the home of 
Professor Partridge, he came in contact with such men as Dasent, 
Daniell, Todd, Smee and Wheatstone he says: 

The signs of advance were all about and in the air. The microscope had 
rather suddenly attained a position of much enhanced importance; it was now 
mounted solidly, with really good working stages and with good glasses. Powell 
was the principal maker of it, and a Powell’s microscope was an object almost 
of worship to advanced students. 

The impression from his first work in Trinity College, Cambridge, 
in 1840 are worth quoting for those interested in education, 

I soon became conscious of the power and thoroughness of the work about 
me, as of a far superior order to anything I had previously witnessed. At the 
same time I wondered at its narrowness, for not a soul seemed to have the 
slightest knowledge of, or interest in, what I had acquired in my medical 
education and what we have since learnt to call Biology. The religious dogmas 
were of a more archaic type than I had latterly learnt to hold. I thought that 
just as the medicals wanted the thoroughness of the classicals and of the mathe- 
maticians, so these wanted at least an elementary knowledge of what was 
familiar to the medicals. Great and salutary changes have long since been 
introduced, and the above criticism, which was perfectly just at the time, is now, 
I believe and trust, almost wholly out of date. 

It is perhaps fortunate that in 1840 Galton found his knowledge of 
chemistry and German hardly sufficiently advanced for him to profit 
by Liebig’s teaching in Giessen, for the spirit of travel was strong 
within him and he “determined to throw that plan over, to make a 
dash and go as far as my money allowed.” This dash carried him from 
Giessen to Linz, thence by rowboat to Vienna, by steamer down the 
Danube, overland to the Black Sea, to Constantinople, Smyrna, Syra, 
Trieste and home by way of northern Italy and Switzerland. “ This 
little expedition proved to be an important factor in moulding my 
after-life. It vastly widened my views of humanity and civilization, 
and confirmed aspirations for travel which were afterwards indulged.” 

The next lesson in travel was a journey up the Nile, where by good 
fortune one Arnaud Bey urged him not to be content with the attain- 
ments of ordinary tourists but to strike overland by camel in the cara- 
van of the Sheikh of the Bishari Desert to Berber. 

A caravan yields so many strange experiences and affords so many occa- 
sions of mutual helpfulness and of friendships, that it is easy to understand the 
importance of the Hadj pilgrimage in hunting the Moslems. I have often 
wished that something of the sort could be revived among ourselves, such as the 
famous Canterbury Pilgrimage of Chaucer, but the religious motive for real 
pilgrimages is generally wanting in Protestant countries. The congresses of 
large itinerant societies like the British Association, in some few respects may 
be considered as taking the place of pilgrimages, but they want the long 
hours and days of open-air life, hard exercise and leisure. 

From Berber a boat was hired to work up to Khartum and from 
thence a short excursion was made up the White Nile. Later his path 
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led him through Syria, and back to England where hunting and shoot- 
ing, extensive reading and digesting what he read by much thinking 
about it, completed what we have for convenience differentiated off as 
the period of training. 

The only published paper of this period was a pamphlet, entitled 
“Telotype, a Printing Electric Telegraph.” The following sixty odd 
years of his life were to be devoted to productive work in the most 
varied branches of science. 


EXPLORATION AND GEOGRAPHICAL SCIENCE 


In an atlas of to-day the white areas on the map are very small in 
comparison with those which are meshed with the highways. The edi- 
tions in 1849 were very different. “It was a time when the ideas of 
persons interested in geography were in a justifiable state of ferment.” 

The journey up the Nile and into the Soudan had been “a tour 
hastily performed, but sufficient to imbue or poison me with the fas- 
cination for further enterprise, which African tourists have so espe- 
cially felt—a fascination which has often enough proved its power by 
urging the same traveler to risk his comfort, his health and his life, 
over and over again, and to cling with pertinacity to a country which 
after all seems to afford little else but hazard and hardships, ivory 
and fever.” 

It was not merely the enticement of big game, of which wonderful 
stories had begun to come back to England, that attracted Mr. Galton 
to South Africa. Every chapter of his book, “The Narrative of an 
Explorer in Tropical South Africa,” bespeaks keenness of observation 
and solicitude for scientific precision. It can not be abstracted here, 
neither can space be spared for quotations to show its literary charm. 
The difficulties of the journey are summarized—and very modestly— 
in the last chapter. 

Christmas and New Year’s day had passed, when early in January, 1852, as 
the morning haze cleared away, the sails of a schooner loomed large before us; 
in a moment I was in my pontoon and paddled out to her, jumped on board, 
and received my letters of a year and nine months’ interval. They were not 
indeed unchequered by melancholy news; but for the intelligence they conveyed 
of my own family circle I had every reason to be grateful. Thus closed my 
anxieties and doubts. I had much indeed to be thankful for. I had not lost one 
of my many men either through violence or through sickness in the long and 
harassing journey I had made. It was undertaken with servants, who, at start- 
ing, were anything but qualified for their work, who grumbled, held back and 
even mutinied, and over whom I had none other than a moral control. I had to 
break in the very cattle that were to carry me, and to drill into my service a 
worthless set of natives, speaking an unknown tongue. The country was suffer- 
ing from all the atrocities of savage war when I arrived, and this state of things 
I had to put an end to before I could proceed. All this being accomplished, I 
found myself without any food to depend upon, except the oxen that I drove 
with me, which might, on any evening, decamp or be swept off in a night attack 
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by the thieving and murderous Damaras. That all this was gone through suc- 
cessfully, I am in the highest degree indebted both to Andersson and to Hans, 
for single-handed, I hardly know what I sbould have done. 

The importance to geography of this exploration of the countries 
of the Namaquas, the Damaras and the Ovampo is perhaps best de- 
scribed in the words of the president of the Royal Geographical So- 
ciety, Sir Roderick Murchison, in presenting its gold medal to Mr. 
Galton in 1854. 

You have accomplished that which every geographer in this room must feel 
is of eminent advantage to the science in which we take so deep an interest. 
Accept, with these expressions, my belief that, so long as England possesses 
travelers with the resolution you have displayed, and so long as private gentle- 
men will devote themselves to accomplish what you have achieved, we shall always 
be able to boast that this country produces the best geographers of the day. 

On his return Mr. Galton threw himself into the work of the 
Royal Geographical Society. Those were days when geography re- 
quired explorers, not surveyors. The reports of snow-covered moun- 
tains in eastern Africa were fiercely criticized by some and only half 
credited by others. The source of the Nile was a subject of bitter con- 
troversy. The Congo had still to be explored. During the half cen- 
tury, more or less, that he was officially connected with the work of the 
society Mr. Galton had much to do with the chief figures in African 
exploration—Speke, Burton, Grant, Baker, Livingstone and Stanley. 
An interesting chapter is given to these matters in the “ Memories.” 

Science has probably not lost by the impaired health which pre- 
cluded further exploration. Syria, Egypt, the Soudan and tropical 
South Africa had yielded the first-hand experience which made pos- 
sible the collating and sifting of the work of others and the moulding 
of it into a compact compendium. 

On reading the narrative of the explorations in tropical South 
Africa one is impressed with the large place that is given to method. 
The breaking in of oxen, the seasoning of an axle tree, the making of a 
krall, the best way of carrying a gun on horseback were the things ab- 
sorbing his attention. In his work in the Royal Geographical Society 
and in his contact with the majority of the prominent explorers he 
saw the opportunity of executing the task which he had conceived 
while in the South African brush, and the “ Art of Travel” was issued 
in 1854. Darwin was a good prophet when he wrote, “.. . what I 
fully expect is that it will have a long sale,” for at least four editions 
have been issued. 

“The Art of Travel” is a truly remarkable book. Its conciseness, 
clearness and comprehensiveness must be judged from its own pages, 
not from those of a review. 

Some of the fellows of the Royal Geographical Society are now feel- 
ing a keen satisfaction in the work which the society has done to ad- 
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vance geographical teaching. In the initiation of this movement for 
a larger place for the science of geography in education Mr. Galton 
had a pioneer part. First the public schools were interested in annual 
competitions for gold and bronze medals to be awarded for the best 
papers in the competitive examination. This not only interested the 
students, but it also showed up for correction weaknesses in the cur- 
rent instruction. Later the problem of geography in the university 
was taken up, and it probably has now a firm foothold at both Oxford 
and Cambridge. 
PuysicaL ScIENCES AND METEOROLOGY 

Francis Galton’s contribution to the physical sciences, convention- 
ally so called, was not large. We find no paper on chemistry, and 
those of a physical or mathematical character impress one as the recre- 
ations of a brilliantly ingenious amateur rather than the wood hewing 
and the water drawing of the trained and speciality limited profes- 
sional. It would be hardly fair to quote as examples of his work in this 
field such experiments as those with spectacles for divers or stereoscopic 
maps for tourists, although these may be in a way illustrative for 
ingenuity. Neither can his printing electric telegraph or his suggested 
principle for the protection of riflemen be regarded as strictly typical. 
These do not seem to belong on the same thread as the other contribu- 
tions which are to be spoken of in this section. This thread is the 
unity and perhaps unconscious seriousness of purpose to secure greater 
exactness in fields where only rough description had hitherto been 
thought possible. 

The work of Kew Observatory, widely known among physicists, 
offered an attractive field of activity for a man of Mr. Galton’s tastes. 
He was associated with the work of the institution for many years be- 
fore he became its chairman in 1889, to continue in this post until the 
observatory was merged in the National Physical Observatory in 1901. 

Among the problems which occupied him there were the standard- 
ization of sextants, and other angular instruments, and the rating of 
watches and the rapid verification of clinical thermometers. 

The laws of the weather were at that time beginning to attract 
serious attention. The collection of numerous simultaneous observa- 
tions demanded the development of self-recording instruments; in this 
work he also had a share. Particular credit is due to him for the first 
charting of the weather. 

As early as 1861 he pointed out the needs of presenting the meteor- 
ological conditions observed over a given region graphically and pub- 
lished an illustrative map. This first map which we may recognize as 
the progenitor of our daily weather map, was printed from moveable 
type, especially designed for the purpose. Later many experiments 
were made with different devices for engraving plates from which the 
meteorological charts might be printed. In 1863 he published a vol- 
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ume of charts under the title “ Meteorographica.” He was a member 
of the Meteorological Committee (later Meteorological Council) formed 
in 1868 for the purpose of giving storm warning to seaports, for ob- 
taining data for marine charts, and for maintaining a few observa- 
tories with self-recording instruments. His service during the thirty 
years that he was connected with the work of the committee and council 
may be best expressed in the words of Sir Richard Strachey, in a letter 
written to Mr. Galton on his retirement from the council in 1901. 
Only a paragraph can be given. 

It is no exaggeration to say that almost every room in the office and all its 
records give unmistakable evidence of the active share you have always taken in 
the direction of the operations of the office. The council feel that the same high 
order of intelligence and inventive faculty has characterized your scientific work 


in meteorology that has been so conspicuous in many other directions, and has 
long become known and appreciated in all centers of intellectual activity. 


Composite photography may be mentioned here, although in ex- 
plaining its origin we must refer to matters more properly belonging 
to a subsequent section. 

The blending of physiognomies by allowing each to make upon the 
sensitive plate but a fraction of the impression required for a clear 
picture may in the hands of some be only a harmless amusement for 
the scientific amateur, but the mother of this invention was the neces- 
sity for the securing of greater precision in the determination of fam- 
ily, class or racial types. Composite photography is the mechanico- 
graphical method by which its inventor attempted to solve the prob- 
lem. He points out that human features must show great differences, 
since we are able to recognize a familiar face among thousands. This 
is possible because the general expression of a face is the sum of a 
multitude of small details which are viewed so quickly that they are 
apparently taken in at a single glance. If any difference from a re- 
membered face be present it immediately looms large before the eye 
and overshadows all the many points of resemblance. It is impossible 
to measure these infinitesimal differences between individuals and to 
determine by statistical means what is the characteristic physiognomy 
of a race. The selection and photographing of “typical” or “ repre- 
sentative” individuals—the course commonly adopted—is altogether 
untrustworthy, since the judgment of the observer is itself fallaceous, 
easily swayed by gross and exceptional features rather than by the 
ordinary ones, so that the carefully chosen typical portrait is more apt 
to be a caricature. 

In a composite photograph family or racial characteristics are 
strongly impressed upon the film, while the individual idiosyncrasies 
average out—much as they do in statistical analysis—or to use Galton’s 
own phrase, “leave but a ghost of a trace of individual peculiarities.” 
To discuss in detail the practical applications which have been made, 
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or which may probably be made of composite photography would lead 
us too far afield. 


BIoLOGY AND BIOMETRY, HuMAN Faculty AND HEREDITY 


When Charles Darwin’s name was proposed before the French 
Academy for membership in the zoological section one of the immortals 
strongly opposed, and offered to put a hundred others before him be- 
cause of their contributions of demonstrable facts. 

Now whether Darwin is to be ranked as a zoologist or Galton as a 
biologist is one of those irrelevant questions the answer to which de- 
pends entirely upon definition. If biologist means only a worker in a 
historically fenced in field, then Mr. Galton has little claim to be known 
as a biologist. If, however, the term biology belongs to a living instead 
of a dead language and is capable of changing its meaning as men un- 
trammeled by traditional barriers suggest new methods which broaden 
and deepen, if a man is to be judged by the directing influence he 
exerts as well as by the pages he publishes, then Francis Galton must 
take rank as a very great biologist indeed. 

His South African narrative contains practically no observations 
on natural history of the kind generally found in works of exploration. 
Possibly this side of the work was left entirely to his companion, 
Charles J. Andersson, who was particularly interested in natural his- 
tory, and afterwards continued observations and wrote on the region 
which they had opened up, for there are in Mr. Galton’s book many 
keen observations on the behavior of his cattle. This interest in and 
capacity for detailed study of the behavior of animals is also evident 
in the “ Art of Travel.” A paper on “ Gregariousness in Cattle and in 
Men” was published in 1872. 

The only piece of work along at all conventional lines was his mem- 
oir on “ Patterns in Thumb and Finger Marks,” published by the 
Royal Society. 

Experimental methods in biology attracted him. He wrote on ex- 
perimental moth breeding as a means of verifying certain important 
constants in the general theory of heredity, and performed experiments 
to test the theory of pangenesis by breeding from rabbits of a pure 
variety into whose circulation blood from other varieties had been 
largely transfused. Thus forty years ago he undertook problems 
analogous to those which are now being attacked by quite a different 
method—namely by the transplantation of ovaries. Experimental 
studies in the inheritance of size of seed in sweet peas formed a part of 
the basis of his well-known law of regression. 

If, as will be shown later, Francis Galton’s great contribution to 
botany and zoology was that of method, the case is very different in 
that branch of biology which pertains to man. 

The volume on South Africa attests a live interest in racial traits 
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and racial competition. Between this and “ Hereditary Genius” a 
period of sixteen years elapsed, during which the “ Origin of Species ” 
had appeared. Thus neither of these volumes was the product of a 
running pen. The book, he tells us, grew out of a purely ethnological 
inquiry into the mental peculiarities of different races. 

“The theory of hereditary genius,” Mr. Galton says in the preface, 
“though usually scouted, has been advocated by a few writers in past 
as well as in modern times. But I may claim to be the first to treat the 
subject in a statistical manner, to arrive at numerical results, and to 
introduce the ‘law of deviation from an average’ into discussions on 
heredity.” 

This is a late date to review a book like “ Hereditary Genius.” 
Some day it may take its proper rank alongside the “Origin of 
Species.” If one wants higher praise than that in the “ Descent of 
Man” he may read Mr. Darwin’s letter. 


Down, BECKENHAM, KENT, §. E. 
3d December 
My dear Galton:—I have only read about 50 pages of your book (to 
judges) but I must exhale myself, else something will go wrong in my inside. 
I do not think I ever in all my life read anything more interesting and original 
—and how well and clearly you put every point! George, who has finished the 
book, and who expressed himself in just the same terms, tells me that the earlier 
chapters are nothing in interest to the later ones! It will take me some time 
to get to these latter chapters, as it is read aloud to me by my wife, who is also 
much interested. You have made a convert of an opponent in one sense, for I 
have always maintained that excepting fools, men did not differ much in intel- 
lect, only in zeal and hard work; and I still think this is an eminently important 
difference. I congratulate you on producing what I am convinced will prove a 
memorable work. I look forward with intense interest to each reading, but it 
sets me thinking so much that I find it very hard work; but that is wholly the 
fault of my brain and not of your beautifully clear style. 
Yours most sincerely, 
(Signed) CH. DaRwIn 


In 1874 “ Hereditary Genius” was supplemented by a little book 
entitled “English Men of Science, their Nature and Nurture.” 
Abandoning a chronological sequence for the moment we may mention 
“ Noteworthy Families” by Galton and Schuster, published in 1906. 
These two volumes supply “ what may be termed a natural history ” of 
modern English men of Science. 

“Inquiries into Human Faculty” of 1883 embodied the supple- 
mented essentials of papers which had appeared subsequently to “ He- 
reditary Genius” of 1869, and which “may have appeared desultory 
when read in the order in which they appeared ” but which had never- 
theless “an underlying connection.” Possibly the work falls some- 
what short of his others, but it is fascinating and above all suggestive 
reading for the psychologist. Among the topics discussed, such as color 
blindness, capacity for distinguishing shrill sounds, criminality and 
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insanity, gregarious and slavish instincts, mental imagery, number 
forms and color associations, only one may be noticed in further detail. 
This is a study of the sensitiveness of blind and seeing, savage and 
civilized individuals. As a result of his personal experience in bar- 
barous and cultured lands, he concludes that savages have no keener 
senses than civilized man; and as a result of his experiments in schools 
for the blind he finds that the popular belief that in senses other than 
sight the blind are more sensitive than normal individuals has no foun- 
dation in fact. 

After a lapse of six years “ Natural Inheritance” was given to the 
public. 

Mr. Galton came to be interested in finger prints in 1888, in con- 
nection with preparations for a lecture on personal identification and 
description. Having some misgivings concerning the adequacy of M. 
Bertillon’s system of identification by measurement—because physical 
characters are not independent, but correlated—he cast about for other 
possible means, and undertook the investigation of finger prints. 

Fortunately, Sir William Herschel who had actually used finger 
prints as a means of identification while commissioner in India learned 
of Mr. Galton’s work and came to his aid with valuable prints and 
suggestions. 

Identification by means of impressions of the papillary ridges of 
the thumbs has been so much exploited in fiction that a general ex- 
planation is unnecessary. This does not mean that an immense amount 
of hard work had not to be done on it by Mr. Galton before a British 
prison commission could adopt it. Besides the technique of taking 
really good impressions it was necessary to prove, not assume, that the 
patterns remain the same throughout life, that the variety of patterns 
is really very great, and that they admit of being classified or indexed. 
So when an individual set is submitted to an expert he can tell by refer- 
ence to suitable records whether a similar set has been recorded. 

These things were successfully accomplished and Mr. Galton’s 
system of identification was adopted in Scotland Yard, and is now 
widely used throughout the world. His books on the subject are 
“Finger Prints,’ “Blurred Finger Prints” and “Finger Print 
Directory.” 

Space can not be taken for a review of the various anthropological 
questions which interested Mr. Galton, but a word must be said con- 
cerning anthropometric laboratories. Writing of Darwin’s provisional 
theory of pangenesis in 1869, he said, 


The doctrine of pangenesis gives excellent materials for mathematical 
formule, the constants of which might be supplied through averages of facts, 
like those contained in my tables, if they were prepared for the purpose. My 
own data are too lax to go upon; the averages ought to refer to some simple 
physical characteristic, unmistakable in its quality, and not subject to the 
doubts which attend the appraisement of ability. 
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Realizing “ the pressing necessity of obtaining a multitude of exact 
measurements relating to every measurable faculty of body or mind, for 
two generations at least, on which to theorize” he set about in many 
different ways to achieve this object. In 1882, he published a plea be- 
ginning “ When shall we have anthropometric laboratories, where a 
man may from time to time get himself and his children weighed, 
measured and rightly photographed, and have each of their bodily 
faculties tested, by the best methods known to modern science ?” 

This plan was realized in 1884 when Mr. Galton established an 
anthropometric laboratory at the International Health Exhibition, 
London. Subsequently the laboratory was maintained in the Science 
Galleries of the South Kensington Museum for about six years. 

It is impossible to summarize fitly the consequences of the estab- 
lishment of these laboratories. Certainly they are not to be gauged by 
the tangible data which they yielded. The measurement of the various 
faculties required special apparatus, and our psychological laboratories 
and college gymnasia are greatly indebted to these pioneer institutions. 
From anthropometry in particular is a natural step to biometry in 
general. 

With Francis Galton anthropometry was largely a means to an end 
—heredity. The titles of his major works on inheritance have already 
been given. Heredity in its turn was merely the scientific prerequisite 
for a humanitarian movement—eugenics. To this end it was with the 
few exceptions mentioned above concentrated upon man. 

Among biologists one often hears misgivings expressed concerning 
studies of heredity based on man. “ Obviously enough the laws of in- 
heritance are the same for man as for other animals, or as for plants, 
but the material is not suitable for investigation,” is the substance of 
frequent comments. In a degree this criticism is quite justified. Hu- 
man pedigrees are collected with great difficulty, as compared with 
those of peas or fowls or mice. Even where the greatest caution is 
exercised, the opportunities for deception and concealment are very 
great, and individual pedigrees must be looked upon with the greatest 
caution. . 

These objections can not detract in the slightest degree from the 
credit due to Francis Galton. The work of an individual to be justly 
appraised must be judged in relation to the intellectual environment 
of his time, just as social or religious movements to be intelligible must 
be studied in their historical setting. In “ Hereditary Genius” Mr. 
Galton records the results of an exploration of an entirely new field. 
In it he entered a terra incognita just as truly as when he turned his 
back upon the missionary outposts and his face towards the land of the 
Ovampo. Up to Galton’s time men discussed heredity. He set about 
to measure its intensity. Even after much of his epoch-making work 
was published, prominent and otherwise well-informed men denied the 
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existence of heredity in man. It is still urged by some that in the 
mental qualities nurture is of far greater importance than nature. So 
at the time when he struck out in a new direction in biology it was by 
no means obvious that heredity—to say nothing of the laws of inherit- 
ance—was common to man and the lower organisms. Our present be- 
lief that this is true is largely due to the labors of Galton and his 
school. 

Again we must remember that even in “ Hereditary Genius” he 
had definitely in view the possibility of race improvement. However 
unsuited human material may be for unravelling recondite laws of 
inheritance, it must be admitted that from its high sociological im- 
portance the problems of heredity and environmental influence must 
be investigated in the human species. 

To discuss Galton’s work on inheritance in greater detail at the 
present time would be a thankless task, for his immense service to the 
science of heredity and the great value of his methods for some prob- 
lems of inheritance have been generally obscured by the enthusiasm 
over other means of attack. With a little time and a bit of Galtonian 
patience we shall perhaps arrive at a saner point of view than that now 
prevailing. 

Galton’s application of quantitative methods to the problems of 
human faculty and heredity is one of the forces which has gone into 
the formation of the biometric school of biologists. His influence in 
connection with this school is his greatest service to biology. 

It may not be amiss to state here what the fundamental articles of 
faith of the biometrician are. They seem both simple and highly 
reasonable. 

First, the biometrician requires that all observations shall be re- 
duced, in so far as the material permits, to a quantitative basis. Galli- 
leo’s injunction to measure what is measurable and to render measur- 
able what is not, must become the ideal of biologists, as it has long 
been of physicists, chemists and astronomers. When a sufficient number 
of biologists have made this the guiding principle of their work, the 
hoary and decrepit distinction between precise and biological sciences 
will pass away. 

Second, the biometrician insists that generalizations be drawn only 
from adequately large series of observations. The living substance is 
so subject to as yet unknowable, or at least unmeasurable, influences 
that we dare not trust the “ individual instance”; it is only upon a 
large number—and sometimes a very large number—of individual in- 
stances that conclusions of value may be drawn. 

Third, the biometrician demands that the actual data, quantitative 
in quality and adequate in amount, shall be interpreted by sound logic. 
The most suitable logic, he believes, is that of the mathematician. This 
is agreed upon in theory by the most severely and variously disciplined 
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minds. It has been rigorously tested in practise by the physicist and 
the astronomer, and the engineer joins with them in recommending it 
to the biologist and sociologist. 

Surely these are simple articles of faith. Accompanied by the reso- 
lution to base theories on the entire array of observed facts pertinent 
to the problem in hand, instead of picking and choosing favorable evi- 
dence, and to fit theories to observation instead of gathering observa- 
tions to fill out and stiffen up limp theories, they are, so far as I am 
aware, the whole creed of the working biometrician. He has no petri- 
fied hypotheses, and his theories are so plastic that they fit all but the 
minor irregularities of his data. He believes that industry in the de- 
scription of natural phenomena by statistical constants is more impor- 
tant than assiduity in the imagination of explanations of them. He 
has no dogmas except unimpeachable quantitative data, sound logic, 
checked up arithmetic and cautious open-mindedness in interpretation. 

Though simple in definition these ideals are attainable in practise 
only with the greatest care and exertion. After pointing out some of 
these difficulties in .an essay on biometry written as an editorial for the 
first pages of Biometrika, Mr. Galton says: 

Consequently the new departure in science makes its appearance under 
conditions that are unfavorable to its speedy recognition, and those who labor in 
it must abide for some time in patience before they can receive much sympathy 
from the outside world. It is astonishing to witness how long a time may elapse 
before new ideas are correctly established in the popular mind, however simple 
they may be in themselves. The slowness with which Darwin’s fundamental 
idea of natural selection became assimilated by scientists generally, is a striking 
example of the density of human wits. 

The last ten years has shown the truth of these words. Those who 
have stood for biometry have had to do rather more than “ abide for 
some time in patience,” for lack of “sympathy from the outside” has 
been replaced by open hostility, often coupled with misrepresentation. 
The biological lump has been sodden and heavy, but the leaven is at 
last penetrating. A few years ago papers were not infrequently refused 
publication merely because they were biometric. Now every volume of 
the best biological journals bears more or less distinctly the impress of 
the methods associated with the names of Francis Galton and Karl 
Pearson. 

EUGENICS 

A careful study of Mr. Galton’s many short papers soon reverses 
any first impression of desultory ingenuity. Not only a connecting 
purpose but a practical end is often evident. Detailed illustration 
would be tedious. Military men have praised the “ Art of Travel.” 
His work at Kew Observatory and on the Metereological Council bear 
witness to this characteristic. The great success of finger print identi- 
fication is perhaps a better example. . 

Nowhere is the bent for the practical to be more clearly seen than 
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in his work on heredity. In the introductory chapter to “ Hereditary 
Genius ” of 1869 we read: 

I conclude that each generation has enormous power over the natural gifts 
of those that follow, and maintain that it is the duty we owe to humanity to 
investjgate the range of that power, and to exercise it in a way that, without 
being unwise towards ourselves, shall be most advantageous to future inhabitants 
of the earth. 

The subject had been discussed by him four years earlier in Mac- 
millan’s Magazine. In “Inquiries into Human Faculty” of 1883 
we read: 

My general object has been to take note of the varied hereditary faculties 
of different men, and of the great differences in different families and races, to 
learn how far history may show the practicability of supplanting insufficient 
human stock by better strains, and to consider whether it might not be our duty 
to do so by such efforts as may be reasonable, thus exerting ourselves to further 
the ends of evolution more rapidly and with less distress than if events were left 
to their own course. The subject is, however, so entangled with collateral con- 
siderations that a straightforward step-by-step inquiry did not seem to be the 
most suitable course. I thought it safer to proceed like the surveyor of a new 
country, and endeavor to fix in the first instance as truly as I could the position 
of several points. 

It must not be thought that Francis Galton’s contribution to this 
branch of social science was merely the demonstration of the inherit- 
ance of both normal and abnormal bodily and mental traits. Im 
“ Human Faculty ” of 1883 and in the preceding memoirs upon which 
it was based are many topics of great sociological importance: gregarious: 
and slavish instincts, population, and racial migrations, early and late 
marriage, and marks for family merit. 

One of these questions which Galton discussed a quarter of a cen- 
tury and more ago has attracted and is bound to attract increasingly 
the attention of sociologists. It is the question of the relative contri- 
bution of town and country families to future generations. “ Urban 


selection ” has often been discussed by anthropologists. If it be true: 


that the physically fitter and psychically superior are drawn into the 
grind of the city, and if it be true that both physical and mental traits 
are inherited, then it becomes of paramount importance to learn 
whether the families in the city do their share towards filling the ranks 
of the oncoming generation. Under any system in which they do not, 
every large city is an open wound from which the best blood of the 
nation is being poured. As long ago as 1873, Galton attempted to 
measure the relative raté of supply of city and country families to the 
population of future generations. 

The new science which purposes to gather and sift and coordinate 
data concerning factors which are of significance in determining the 
characteristics of races was christened eugenics by Mr. Galton as early 
as 1883. As defined in the publications of the laboratory which he has 
endowed “ National eugenics is the study of agencies under social con- 
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trol, that may improve or impair the racial qualities of future genera- 
tions, either physically or mentally.” 

Mr. Galton realized that nowhere is a scientific groundwork more 
essential than in eugenics. Compared with the dilettante in eugenics 
the quack in medicine is nothing in his power for harm. The danger 
reef lies in its attractions to the superficial and the hasty. 

To the fundamental requisites of race improvement Francis Galton 
contributed in a two-fold manner. He gave much of the best vigor of 
his own long working lifetime and in his old age provided for its wider 
growth by endowing a university laboratory where the work might be 
continued along the lines which he began. 

In the early sixties little more than superstition reigned concern- 
ing the influence of heredity and environment in man. Scientific data 
were almost unknown. Galton not only backed up his arguments by 
the best available evidence, but always dissatisfied with this and believ- 
ing that “ the basis of science is exact measurement ” he gathered fresh 
quantitative data and taught others to do the same. Realizing that 
statistics “are the only tools by which an opening can be cut through 
the formidable thicket of difficulties that bars the path of those who 
pursue the science of man” he worked out methods for the more re- 
fined analysis of statistical data, out of which a whole modern science 
has grown. 

If one turns from the work which he personally did to that of his 
laboratory it need only be said that if those laboratories to be patterned 
after this in other universities make good as it has done under the 
direction of his friend, Professor Pearson, a few years must show a 
marked advance in our knowledge of many of the basal problems of 
biology and sociology. From the Francis Galton Laboratory for Na- 
tional Eugenics have come, to mention only major topics, researches 
into the inheritance of the insane and tubercular diathesis, into the 
physique and intelligence of school children, into the influence of pa- 
rental alcoholism on the physique and intelligence of the offspring, into 
the relative significance of constitution and infection in tuberculosis. 

When a theory or a social propaganda wins its ways to public notice 
the historical critic seeks to trace it to its origin. Rarely is the credit of 
conception to be assigned to one man, although almost alone he may 
have compelled the world’s attention. 

The ideal of eugenics is no exception to this rule. The retro- 
spectively inclined may look back as far as Plato. But the undeniable 
fact remains that it is Francis Galton who has forced thinking men to 
take these matters into consideration. The explanation is not far to 
seek. To-day men demand more than will-o’-the-wisp ideals. The 
dreamer who conceives and the engineer who executes are both essen- 
tial and both to be honored, but for efficiency and progress their talents 
must be combined. Once the idealist, the prophet, the man religiously 
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aflame passed through the street and swept the mob along with him. 
Now social advance is coming to depend more and more upon the re- 
sults of cold scientific research. 

Herein lies the success of Galton’s movement. No accomplishment 
of recent times is of greater interest to scientific men, for the success 
which has been attained is due to a social and religious appeal made 
from a solid foundation of scientific facts. Opinions as to the direction 
of eugenic reform, or indeed as to the advisability of any immediate at- 
tempt at practical work, differ greatly but the widespread interest in 
its problems is an equally widespread admission that biology is to stand 
in the most vital relation to sociology, that science is to be the hand- 
maiden of statecraft. 

Hero worship must not blind the scientific biographer to the fact 
that in the doing of this Francis Galton was by no means single-handed. 
Those who preceded him in the fruitless suggestions of race improve- 
ment may be left out of account; those who labored with him can not. 
Indeed. I personally feel that in this work there is one name generally 
closely associated with his own which should take equal rank with his. 

But Francis Galton must always rank as the pioneer—as the one 
who while the fighting was still hot around the “ Origin of Species ” 
and before the “ Descent of Man” had yet been written had the insight 
to see and the courage to say not merely that man was to be included 
in the evolutionary chain but also that evolution has more than aca- 
demic interest in its relation to man. He had the courage to argue 
that just as animals and plants are plastic in the hands of the breeder, 
so the physical strength and mental vigor of future generations may 
be moulded by a scientifically enlightened and morally quickened com- 
munity. 

THE Man anp His MEtTHops 

“The greatness of a man is shown in what he is, in what he does, 
and in what he sets a-doing.” 

It would be presumptuous for any one who had not the privilege of 
years of intimacy to write of Mr. Galton’s character and personality. 
In paragraphs ranging from exploration through physical and biolog- 
ical sciences to eugenics an outline of what he did and what he set a- 
doing has been given. The two objects of this section are to state for 
the benefit of those who can not study his work in detail some of the 
characteristics of the investigator, and the cardinal features of his 
contributions to science. In essence, we have to determine what shall 
be understood by Galtonian. 

A first characteristic was the ability to see essentially new prob- 
lems or new methods of accomplishing things that needed doing. Some 
of his results—daily weather charts, anthropometric laboratories, hu- 
man heredity—like those of Benjamin Franklin, had an obviousness 
which was cryptic to other eyes. Not only did he see problems but he 
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had a peculiar faculty for searching out the significant thing and 
limiting his attention to it. Volumes have been written on palmistry, 
without the slightest practical outcome. Galton at once passed by the 
conspicuous wrinkles and folds of the palm, “ which are no more signifi- 
cant... than the creases in old clothes” and concentrated upon the 
minute papillary ridges of the thumbs and fingers with the conse- 
quence of a workable system of finger print identification. 

Correlated with this ability to look with discerning eyes on either 
side of the beaten trail and into the jungle was a peculiar independence 
of the herd. Most investigators are not surveyors merely, but in so far 
as specialty fences will allow, crowd with the gregariousness of cattle 
into the same field. Ecological surveys are in fashion to-day, centri- 
fuging eggs holds the attention of the crowd to-morrow. Francis 
Galton’s association with men was wide and intimate, he sought help 
from those of the most diverse accomplishments and always urged 
friendly cooperation and criticism, but as a conceiver of problems and 
methods his independence was all but complete. Perhaps this self 
reliance was gained in his early explorations. It is seen not merely 
in the formulation of problems. but in his freedom from the conven- 
tional paraphernalia and impedimenta of research. Every difficulty or 
emergency was an opportunity; the ready ingenuity was in direct pro- 
portion to difficulties opposed. Many uses for the sextant may be 
found in the literature, but it required a Galton to apply it for obtain- 
ing anthropometric measurements of Hottentot dignitaries where 
conventional methods might have been undiplomatic. Most travelers 
when ready to sail from a country would have swallowed their wrath 
at the loss of a favorite ox or would have retaliated blunderingly. By 
putting himself under the command of a Hottentot chief with his band, 
with the stipulation that a flogging was to be the only punishment of 
the Damara miscreants, Mr. Galton at once turned the annoying inci- 
dent into a golden opportunity of studying the tactics of a savage raid. 

Francis Galton by his studies of noteworthy men of science found 
that no special education other than self instruction is really necessary 
to the attainment of eminence. Access to superior tuition and labora- 
tories have doubtless helped some to attain distinction who could not 
otherwise have done so, but they are by no means all important factors. 
“The facts that lie patent before the eyes of every medical man, engi- 
neer and the members of most professions, afford ample material for 
researches that would command the attention of the scientific world 
if viewed with intelligence and combined by a capable mind.” The 
truth of these views he exemplified by his own life. 

Writing of scientific eminence and scientific ability in 1869 Mr. 
Galton observed that some men become renowned because of a single 
striking discovery. Others of equally high natural gifts and energy in 
application have not this good fortune. Their results are valuable 
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and remain, but the worker is forgotten. Still a third class “ have shown 
their original powers by little more than a continuous. flow of helpful 
suggestions and criticisms, which were individually of too little im- 
portance to be remembered in the history of science, but which in their 
aggregate, formed a notable aid towards progress.” Notwithstanding 
all of the important fields in which his name should take honorable 
place, a writer in Nature, and one who is evidently qualified to write 
of the more personal side of Mr. Galton’s life, has told us that his 
own strongest impetus to science was probably this continuous flow of 
helpful suggestions and criticisms, this personal inspiration, which he 
exercised over those with whom he came in contact. 

Probably this is true. If one looks for the thing which was next 
in importance to the personal influence which he exerted, it will not be 
found in recorded observations but in scientific method. Were his 
share in the advancement of science to be measured by the quantity of 
bricks and mortar that we call concrete facts which he made available 
for others, his place would be an honorable one. But the question which 
seemed always uppermost in his mind was, how can the essential facts 
concerning this phenomenon be most easily and accurately obtained 
and interpreted? Everything he came in contact with presented a 
problem of method. He touched many fields, and so the problems in 
method which he set himself were numerous. The “ Art of Travel,” 
the standardization of instruments, the installation of self-recording 
meteorological batteries, the charting of meteorological data, the 
identification of criminals by finger prints, composite photography, 
methods and instruments for anthropometry, photographic records of 
pedigree stock, and finally the correlation coefficient, all attest his in- 
ventive genius and his eagerness to attain greater precision in every 
problem which he touched. 

In the case of both Darwin and Galton the greatness of the man 
has stood in the way of his recognition. Sorting the work of either of 
them into the compartments of the specialty cabinet and comparing 
it there with that of others who have devoted themselves to one sub- 
ject only, it seems meager in volume. Most men are interested in the 
contents of but one pigeon hole, or are incapable of considering more 
than a single compartment at a time. If we look under geography or 
geology, botany or zoology, anthropology, psychology or social science, 
we find the impress of Darwin and Galton there. But judged as special- 
ists merely there may be some misgivings as to the claim to emi- 
nence of either of these grandsons of Erasmus Darwin. But now and 
then a man appears who chafes at the limits of a single cell, who feels 
that there should be additional compartments, or that partitions be- 
tween established divisions should be broken and become nominal 
merely. He may even insist that the point of view or the method of 
research of all the specialists requires modification. Such a man may 
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be so far in advance of his time that he is largely unappreciated by his 
contemporaries. This has been to some extent the case with Darwin 
and with Galton. Happily both lived to receive some parts of the 
tributes they deserved from their fellows. 

How great is the debt of humanity to the Line of Darwin! 

On the basis of an immense collection of the facts of natural his- 
tory, Charles Darwin gave the world a theory which soon swept be- 
yond the boundary lines of biology and by its clarification and unifica- 
tion of knowledge has been one of the powerful factors in modern life. 
Francis Galton was a leader in giving science methods which bring 
within the grip of mathematical analysis a wide range of biological, 
social and other natural phenomena hitherto regarded as outside the 
pale of exact science. Fifty years has made cultured men of all disci- 
plines evolutionists, and Darwin’s name is carved higher than that of 
any other who worked towards this goal, but after these fifty years we 
are still in deep ignorance concerning the processes by which evolu- 
tion has taken place. This problem which has been the cloud by day 
and the pillar of fire by night in the onward march of biological re- 
search, awaits solution by the methods of Galton. Charles Darwin and 
the great men who came to his support sought to show that historically, 
in origin, man is not a separately favored being set in a garden of all 
living things to have dominion over them, but that his origin is a nat- 
ural consequence of the struggle for existence, that step by step he has 
fought his way to the top of the evolutionary ladder, matching sinew 
with sinew and cunning with cunning. 

Francis Galton and his school have proved that as applied to man 
this evolutionary process is not of class-room interest merely, but that 
its factors are of vital social importance to-day. A complex civilization 
may be likened to a cathedral of arches, every stone of which is under 
stress. The permanency of the civilization is limited by the physical 
and mental soundness of the component human stocks, just as the 
stability of the cathedral is limited by the texture of the stones which 
went into its building. Galton and his school have proved that in the 
determination of the character of the individual, nature is of greater 
significance than nurture—that the strength of the stone depends 
primarily upon the quarry from which it came, not upon the height 
to which it is polished nor upon the elegance of the colonade into 
which it is built. They have shown that in our strenuous modern life 
the statistician can point to some factors which tend to conserve and 
to others which tend to destroy the types of men which have made high 
civilization possible, and they have told us in ringing words that it is 
the duty of the man of science to apply the most rigorously exact 
methods to the investigation of all those factors which tend to improve 
or impair the racial qualities of generations yet unborn. 
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THE ORIGIN OF LUMINOUS METEOR TRAINS 


By Dr. C. C. TROWBRIDGE 


COLUMBIA UNIVERSITY 


HE nature of the luminous cloud occasionally left glowing in the 
wake of large meteors and called the “ persistent ” streak or train 
has long been regarded as a mystery by astronomers. Many of these 
trains have been observed which have remained visible to the naked 
eye for quite as long as fifteen or thirty minutes after the disappear- 
ance of the burning metorite itself. In numerous instances trains have 
lasted for more than one hour, floating in the cold upper atmosphere, a 
luminous mist-like cloud projected against the dark night sky. 

Meteors are usually visible but for a few seconds in their rapid flight 
through the upper regions of the atmosphere at a velocity of from 
twenty to thirty or more miles a second. Their track is almost always 
marked by a bright streak of fast-fading luminosity which also dis- 
appears from view in a second or two. Occasionally, however, the streak 
remains for many minutes brightly glowing, continually expanding in 
size, and drifting with the moving atmosphere. This is the phenom- 
enon which has been called the “ persistent train.” 

Meteors which leave these trains are a very small proportion of the 
total number that are seen, yet authentic and definite facts concerning 
the trains have been recorded at various astronomical observatories in 
all parts of the world, hence the chief characteristics of this remarkable 
phenomenon are known. 

A serious study of the subject has been made only recently, but it is 
now recognized as being of considerable importance because it teaches 
important facts concerning the upper atmosphere. Most of the obser- 
vations of meteor trains which from time to time have been made by 
different astronomers have been incidental in the course of the usual 
investigations of the heavens. Perhaps the best way to show the extraor- 
dinary features of the self-luminous meteor train is by drawings of a 
bright and long-enduring train carefully observed in England many 
years ago. The drawing marked A in the first illustration is a sketch 
made by one of the observers of the train as it appeared only a few seconds 
after the meteor nucleus had disappeared. This train, which was seen 
by many observers in the vicinity of both Sidmouth and Cardiff in 
England at the time of the great meteor shower of 1866, was formed 

1A grant has been made by the National Academy of Sciences from the 


J. Lawrence Smith Fund to the author of the present article to enable him to 
extend his researches on meteor train phenomena. 
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by a meteor belonging to the swarm known as the Leonids, and ap- 
peared at first, as is always the case, a narrow glowing streak. The 
train soon after its appearance was sixteen to eighteen miles in length 
and at an altitude above the earth of fifty-six miles as determined by 
triangulation from Sidmouth and Cardiff, which are fifty miles apart. 
It appeared lance-like for a few moments and then was seen to be 
bending like a long floating ribbon, slowly curving about as shown in 
sketch B. The train also gradually expanded in size. The enlargement 
of these luminous clouds is unquestionably due to the diffusion of the 
particles of which they are composed. A careful study of the observa- 
tions of a large number of trains has proved conclusively that the dis- 
tortions, such as those shown in the illustrations, are due to the different 
wind currents that are in the atmosphere at great heights, even as far 
distant from the earth as sixty-five miles. It is also evident that these 
currents may vary both in direction and in velocity at different levels at 
one time, quite similar in fact to the drifts of the atmosphere in the 
cloud region near the surface of the earth. 

Meteor trains have been observed more frequently during the 
periodic meteor showers than at other times, and apparently the meteors 
which have produced the greatest number of trains are the so called 
Leonids and Perseids. The former, it may be remembered, appear every 
year about November 14, but produce what is known as a meteoric 
shower every thirty-three or thirty-four years, the actual period being 














Fic. 1. METEOR TRAIN SEEN AT SIDMOUTH AND CARDIFF, ENGLAND. Observed on 
November 14, 1866, at 1:08 a.m. Visible uftil 1:20 a.m. 
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Fic. 2. METEOR TRAIN SEEN AT ABERDEEN OBSERVATORY, ENGLAND. Observed 
on November 14, 1866, described as a pale yellow band of light about half the diam- 
eter of the moon, A at 2:41 a.m., B at 2:43 a.m., O at 2:45 a.m. (The largest 
star in the cluster is Aldebaran.) 


33} years. The showers of 1833 and 1866—7-8 produced many persist- 
ent trains. The Leonid shower in 1901 was very meagre as compared 
with those of 1833 and 1866, yet a number of persistent trains were 
observed at that time, which was the date of the last meeting of the 
earth and that part of the orbit of the Leonid meteor swarm where the 
meteoric masses are clustered most thickly. 

The Perseid meteors appearing about the eleventh or twelfth of 
August are far more evenly distributed along in the track of their orbit 
than the Leonid meteors and hence there is no recurrent period when 
they are particularly abundant. Both the Leonids and Perseids are very 



























Sg 




















THE POPULAR SCIENCE MONTHLY 














' 
So ae 
. 


hee 


ie y % 
pe 
Se fond 























Fic. 3. METEOR TRAIN SEEN AT THE LEIDEN OBSERVATORY, HOLLAND. Observed 
on November 13, 1865. From a picture by the observer, Dr. Van Hennekelen. A as 
it appeared at 12:45 a.m., B at 1:13 a.m., C at 1:24 a.m. 


rapid-moving meteors, and it may be that the formation of trains by 
them is partly due to their high velocity. Many trains have been 
observed which have been produced by meteors belonging to other 
swarms than those that radiate from the constellations Leo and Perseus, 
and thus it is possible for a persistent train, although an uncommon 
phenomenon, to occur on any night during the year. 
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Fic. 4. DOUBLE TRAINS OBSERVED AT THE PALISADES OBSERVATORY, N. Y. The 
trains are drawn as they appeared in a telescope; the double appearance is probably 
due to greater luminosity on the border of the train. 


Among the astronomers who have made important observations of 
these trains are Mr. W. F. Denning, of Bristol, England, the acknowl- 
edged authority on meteors; the late Professor A. S. Herschel, who 
died about two years ago, the last of the three great Herschels; and a 
number of other well known astronomers, members of a committee 
especially organized by the British Astronomical Association for the 
observation and study of meteors. On the European continent Pro- 
fessors J. F. J. Schmidt and G. Von Niessl have contributed a great 
deal to the subject of meteoric astronomy. In the United States the late 

















Fic. 5. COMET-LIKE TRAIN SEEN BY PROFESSOR E. E. BARNARD, NOVEMBER 14, 
1901. A as it appeared at 3:10 a.m., B at 3:40 a.m. The drawings are copies of 
sketches sent to the author by the observer. 
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Professor H. A. Newton, of Yale University, was a constant observer 
of meteors and published many observations, and in recent years Pro- 


fessor E. E. Barnard, of the Yerkes Observatory, has added some 
important records of long-enduring trains. 

Meteor trains are by no means as rare as might be supposed, and it 
is safe to predict that if a plan were organized for their observation on 
nights of the year when meteoric showers occur, many trains would be 
observed. This would be a source of new records which would throw 
more light on the subject. That trains would be seen if systematically 
looked for is demonstrated by the fact that nine different trains were 
seen by an observer in England during one night with the aid of a small 
telescope. The watch was kept at the time of an ordinary August 


Perseid shower. 
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Fic. 6. GREENISH TRAIN OBSERVED 
AT JAMAICA PLAIN, MASS., NOVEMBER 
14, 1901. Meteor fell at 5:09 am. A 
as the train appeared at 5:12 a.m, B 
at 5:17 a.m., OC at 5:25 a.m. 


Mr. Denning ard Professor 
Barnard have pointed out that 
meteor trains visible to the naked 
eye for one or two minutes have 
been seen in the telescope for a 
quarter of an hour or more, and 
that by the use of a small low- 
power telescope they can be stud- 
ied to greater advantage than by 
the naked eye alone. If the track 
of every bright meteor could be 
examined with a field glass, it is 
probable that many persistent 
trains would be observed which 
would be invisible to the naked 
eye. Moreover, Mr. Denning has 
shown that a great many meteors 
can be seen with a telescope which 
are otherwise invisible, and he also 
cites instances where he has detected 
persistent trains by the telescope. 

In England a large number of 
trains were observed in the mete- 
oric shower of November, 1866; 
two of these trains are shown in 
the illustrations. During that 
shower ‘the long-enduring trains 
were so numerous that one meteor 
observer at Birmingham stated 
that the trains frequently were 
seen to be branched out from the 
radiant point, the constellation of 
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Fic. 7. DAYLIGHT TRAIN OF A DETONATING METEOR. Seen from the Lick 
Observatory, 7:30 P.M., July 26, 1896, visible for one half hour, from a drawing pub- 
lished by the observatory. The enlarged part of the train is the point where the 
explosion occurred, twenty-eight miles above the surface of the earth. 


Leo, “like the spokes of a wheel, three or four at a time”! The 
radiant point is the region in the heavens from which meteors appear 
to emanate. Many trains have been observed on the European conti- 
nent from time to time. One of these is shown in one of the illustra- 


tions. It was seen at Leiden in Holland on the night of November 13, 
1865. 


RECENT REMARKABLE TRAINS SEEN IN ENGLAND 


A train which was observed all over the south of England during 
the evening of August 12, 1894, was formed by a meteor at 10:20 P.M. 
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and was very remarkable. Its drift across the country was noted by 
many observers. It was eight miles in length at first and drifted at 
the rate of 122 miles per hour at a height of 54 miles, and it was 
watched by observers in different cities for thirty minutes. It finally 
assumed a globular form, and at one time was calculated to be four 
miles in diameter, thus covering a space of at least ten or fifteen cubic 
miles ! 

A meteor leaving another long-enduring train appeared over the 
south of England at 7:30 p.m., February 22, 1909. Mr. W. F. Den- 
ning considers this meteor with its train the most remarkable one in 
modern times. The train gradually increased in brilliance and twisted 
about, assuming grotesque shapes. A part of it drifted to the north- 
west at a velocity of 80 miles per hour and remained plainly visible 
until 9:30 or 10 o’clock. Another portion of the phosphorescent cloud 
drifted at a very much greater speed; according to the calculations of 
Mr. Denning, the best authority on meteors, the rate of 300 miles per 
hour was observed! This velocity is more than double that of any 
other drifting train hitherto observed, and indeed shows an extraor- 
dinary movement of the atmosphere. The train may have been il- 
luminated for a time by sunlight on account of its appearance so early 
in the evening. This is the longest instance of visibility of a train seen 
at night. The record duration of a train illuminated by reflected light 
of the sun is that of the smoke train left by the meteor which exploded 
over Madrid, Spain, on the morning of February 10, 1896, and which 
was visible for five and one half hours as a reddish cloud. 


METEOR TRAINS OBSERVED IN THE UNITED STATES IN 1901 


Professor E. E. Barnard, of the Yerkes Observatory, who has made 
a number of interesting observations of meteor trains reported two that 
he observed early on the morning of November 15, 1901. The first was 
formed by a brilliant meteor which radiated from the constellation Leo. 
This train was greenish-white in color, about 5° long, or a distance 
equal to ten times the diameter of the moon. It remained visible 
from 2:54 to 3:40 a.m. Another, which is shown by an illustration, 
was first seen at 3:10 A.M. and was conspicuous until 3:40 a.m., when 
it was obscured by clouds. Its color was greenish-white also. This train 
gradually expanded until it covered 20 or 25 degrees of the sky, forming 
two tails and appearing much in the likeness of a comet. Another train — 
shown by three sketches made by the observer was seen by Mr. R. M. 
Dole, November 14, 1901, about 5:09 a.m. at Jamaica Plain, Mass. 
The large size of the train is made evident by comparison with the 
familiar stars of Ursa Major, “'The Big Dipper,” which appear in the 
drawing. The train was greenish in color, gradually turning to white. 
It was also seen at the observatory of Brown University, Providence, 
R.I. This cosmic cloud, according to an estimation which cannot be far 
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wrong, was about two miles in thickness and fifteen miles in length. 
About the same time several persistent trains were seen at Dunmore, 
Northwest Territory, Canada, one of which remained visible twenty 
minutes, and several others were reported from the Mount Lowe 
Observatory, California, by Professor F. L. Larkin. 


THE METEOR TRAIN ZONE 


It is evident that meteor trains that are observed at night occur at 
a very definite altitude, and furthermore various facts indicate that the 
formation of the train is due rather to the state of the earth’s atmosphere 
where the train is formed than to the constitution, size or condition 
of the meteor itself. Aso that the train is a glow phenomenon of the 
phosphorescent type and probably of electrical orig‘n. 

When meteors penetrate into the atmosphere of the earth they 
blaze forth at various heights, some even at as great an alt:tude as 100 
miles, but the average height at which they appear has been found to be 
about 80 miles. The usual height at disappearance is about 40 mi'es. 
These altitudes are based on many observations. ‘ihere is streag 
evidence in favor of the hypothesis that there is a certain densitu of the 
air which is favorable for the formation of the persistent train, pecarise 
the altitude above the surface of the earth at which meteor trains occur 
when seen at night is usually confined to definite limits between forty- 
five and sixty-five miles, and the height which appears to be most favor- 
able for longest visible duration is about fifty-five miles. Thirteen trains 
carefully observed at two or more stations, the altitudes of which have 
been determined by triangulation by well known astronomers, give a 
height of fifty-four miles as the mean altitude of the middle portions of 
the trains. The region where these self-luminous streaks of meteors 
occur extending from a little above sixty to a little below fifty miles 
altitude may well be called the meteor train zone of the atmosphere. 

Trains of meteors which fall in daylight or twilight are not infre- 
quently seen. They appear as thin smoke trains illuminated by the 
light of the sun, and according to triangulation observations which are 
possible only when the train is seen from two stations, they occur as 
low as twenty-five miles altitude, but seldom above forty miles. They 
are thus as a rule at a much lower altitude than the trains seen at night, 
which are usually, if not always, above forty-five miles. This fact would 
seem to indicate that in the upper levels of the atmosphere the glow 
does not mainly arise from light reflected from fine meteoric dust, but 
is a luminosity of the gas in the meteor’s track. 

The colors of the meteor trains show a good deal of variation ac- 
cording to the records of observations of different trains. The colors 
of trains observed at night include orange-yellow, emerald-green, 
bluish-green, silver and also white. In numerous cases green trains 
changed gradually to white, and in one instance from greenish to a 
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“dull reddish.” Apparently the color of many of the self-luminous 
trains observed are recorded as various shades of green, gradually 
changing to white as the train fades, and the remainder either bluish, 
silver or white. The residue of the meteorite is evidently a cloud com- 
posed of very finely divided smoke-like particles arising from the vola- 
tilization, combined with gases liberated at the same time. This cloud, 
if seen in daylight or illuminated in twilight by the sun, is usually red, 
yellow, or silver colored, much like the ordinary clouds as they appear 
just after sunset. The greenish luminosity of trains seen at night may 
be due to continued brush-like electrical discharges near the border of 
the train, but it is probable that it is the phosphorescence of the rarefied 
atmospheric air in or around the train. This hypothesis is suggested 
by the following experiments. 


EXPERIMENTS ON PHOSPHORESCENT GASES IN THE LABORATORY 


An attempt has been made to reproduce the phenomenon of the 
meteor train in the laboratory. One of the interesting effects produced 
under certain conditions in a vacuum tube by electrical discharges is 
the phosphorescence of the particles of gas which still remain in the 
tube. This after-glow has been the subject of careful study. This 
type of luminescence is, of course, not the same as the oxidation of the 
element phosphorus, and is apparently different from, though very simi- 
lar to, the phosphorescent light given out by insect larvee, like the glow- 
worm, and insects such as the firefly. Phosphorescence is named for 
its likeness to the slow burning of phosphorus, but in the case of solids 
and gases, according to the best authorities, it is due to an unstable 
chemical condition, brought about by the excitation by light or by elec- 
trical discharges. The production of the phosphorescent light or after- 
glow is supposed to take place while the substance is returning to the 
former stable chemical state. 

In one of the illustrations a photograph is shown of a vacuum tube 
containing a gas at low pressure, which is illuminated by gas phospho- 
rescence. The gas was previously excited by an electrical discharge, 
but at the time the picture was taken all electrical discharges had been 
entirely cut off. Thus the photograph was taken by means of the 
phosphorescent light of the gas alone, no other light and no electrical 
discharge directly contributing to the formation of the picture. The 
gas which is glowing is atmospheric air with most of the oxygen ex- 
tracted, and therefore is chiefly nitrogen. This gas phosphorescence has 
many points of resemblance to the meteor train, the chief of which are 
first, it is formed at a density of the air that, as near as can be deter- 
mined, is the same as the computed density of the atmosphere at heights 
where meteor trains occur. Second, the comparison of observations of 
the spectra of meteor trains and those of gas phosphorescence apparently 
show that both are the same kind of spectra, although the location of 
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Fic. 8. Vacuum TUBE USED TO PRODUCE GAS PHOSPHORESCENCE AND PHOTO- 
GRAPH OF GAS PHOSPHORESCENCE TAKEN BY ITS OWN LIGHT. Rapid oscillating elec- 
trical currents are sent through the coils about the vessel. 


the spectrum lines of the former have not been determined. The gen- 
eral color of the phosphorescence in air is greenish-yellow which sug- 
gests the observed green color or meteor trains. Third, that recently 
by laboratory experiments the author of the present article has de- 
termined the law of the diminishing intensity of gas phosphorescence 
at successive intervals of time after the phosphorescence has been 
formed. The results of these experiments show that if the luminous 
meteor train is phosphorescent gas, the long duration of its visibility, 
often of half an hour, is readily explained from the law of the slow 
decaying or dying out of the luminosity shown by experiments on 
phosphorescent gases. This evidence and other facts point strongly to 
the hypothesis that the meteor train seen at night is due to phosphores- 
cence of gas in the meteor’s track. 


How THE METEOR TRAINS MAY BE FoRMED 


In the great Leonid meteor shower of November, 1866, and the 
showers following in the years 1867-68, it was noted at several observ- 
atories that the persistent luminous trains of meteors were not formed 
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throughout the entire length of the visible path of the meteor. These 
observations are substantiated by the others more recently made. In Fig. 
9, the tracks of seventeen trains are shown. The lengths of the paths 
with respect to altitude are drawn only. The paths of the meteors had 
different slants and hence differed in length very much more than shown 
in the drawing. The location of the persistent train is indicated with 
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Fic. 9. CHART GIVING VERTICAL PROJECTIONS OF THE PATHS OF SEVENTEEN 
METEORS, showing the altitudes of the trains. In a number of cases the mean altitude 
of the train has been measured only. 


respect to the length of the entire track or trail, and it is evident from 
the chart that the production of the long enduring glow has something 
to do with the altitude of the meteor above the earth. As already 
stated, the upper and lower limits of the zone in the atmosphere where 
the trains are formed appear to be usually about sixty and fifty miles 
respectively from the earth’s surface. If the glow is considered to be 
a phosphorescence of the rarefied air in the meteor’s track, the con- 
clusion that must be drawn, based on laboratory experiments, is that 
the barometric pressure at these heights is not far from two-tenths of 
a millimeter of mercury, or, in the neighborhood of from one two-thou- 
sandth to one four-thousandth of the pressure at the surface of the 
earth. Any information relating to the density of the atmosphere at 
great altitudes would be of value, making this part of the research an 
important one. 














ORIGIN OF LUMINOUS METEOR TRAINS 203 


It has been shown by the work of physicists, and particularly by 
the recent researches of Professor Richardson, of Princeton Univer- 
sity, that when a body is very hot an immense number of negatively 
charged corpuscles or ions are given forth from the body. Air con- 
taining free ions becomes a conductor of electricity, hence we have in 
a meteor rushing through the atmosphere a condition extremely like a 
very long electrical discharge tube containing a gas at low pressure. 
The passage of the burning meteor through the atmosphere must form 
a column of highly ionized air thirty or forty miles in length. More- 
over, at a certain altitude, corresponding to a pressure near two-tenths 
of a millimeter of mercury pressure, or about from one two-thousandth 
to one four-thousandth of one atmosphere pressure, the conditions are 
precisely right for the formation of phosphorescence in the meteor 
track. If at different levels in the upper atmosphere the air is at dif- 
ferent electrical potentials, discharges must certainly occur in the 
meteor’s track, and the burning meteoric mass thus may readily play 
the part of an incandescent electrode in a very long discharge tube, the 
column of ionized air being a ready conductor of electricity. When the 
meteor nucleus has been consumed, all that remains visible in the dark 
sky is the body of phosphorescent gas in the part of the track where 
the gas pressure conditions were correct for the formation of the per- 
sistent glow. 

Under the above circumstances, it is not surprising that luminous 
effects are produced in the meteor train zone of the upper atmosphere 
where the density of the air is apparently the same as that at which 
luminous effects can be produced in vacuum tubes in the laboratory by 
even very weak electrical discharges. 

It is not certain that electrical discharges takes place in the meteor 
track, but they may not even be essential for the formation of the phos- 
phorescence. It has already been pointed out that the flight of a 
meteor through the atmosphere at the rate of twenty to thirty miles a 
second produces an exceedingly high temperature immediately about 
the meteorite, probably a matter of many thousands of degrees. The 
air thus heated and highly ionized by the burning meteorite, a condi- 
tion which is sure to occur, may readily suffer chemical or physical 
changes in its composition which on gradually reverting to its original 
state gives out a long-enduring phosphorescent glow, just as is appar- 
ently the case in the formation of gas phosphorescence. Thus it is not 
unlikely that the production of the phosphorescent light of the meteor 
train is connected directly with the highly ionized state of the air and 
that this condition is produced by the outpouring from the intensely 
heated meteor of electrons, those electrically charged minute particles 
discovered by Sir J. J. Thomson which are supposed to play the im- 
portant réle in all electrical phenomena. 
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THE EXTENSION OF THE AMER- 
ICAN MUSEUM OF NATURAL 
HISTORY 


NEw York City has provided with | 


wise foresight for the museum that it 
will need in the future by setting aside 
for the purpose the whole of Manhat- 
tan Square, extending from Central 
Park to Ninth Avenue and from 
Seventy-seventh Street to Eighty-first 
Street. The south side of the building 
now erected provides galleries of pro- 
portions not equalled by any municipal 
museum, and the completed structure 
will surpass any national museum. 
New York is growing more rapidly 
than London and will soon be the 
largest city in the world, even without 
counting the population of the New 
Jersey cities which form part of its 
social and intellectual life. The Public 
Library, which has just been formally 
opened, the Metropolitan Museum of 
Art, the Zoological and Botanical Gar- 
dens, the buildings of Columbia Uni- 
versity, New York University and the 
City College are planned in a manner 
fit for the greatest city in the history 
of the world. Its vast wealth can be 
put to no more worthy use than to give 
material expression to the dominant 
place that science, art and education 
should hold in the community. 

The accompanying illustration, given 
here by the courtesy of the president 
of the museum, shows the design for 
the eastern facade of the great build- 
ing, as sketched by the architects, 
Messrs. Trowbridge and Livingston. 
It has not been adopted by the trus- 
tees, but indicates the development that 
is proposed. The general style of the 
Romanesque architecture of the south- 
ern facade is somewhat modified in the 
direction of greater simplicity. The 
monumental building faces Central 








Park, and will become part of the park, 
being led up to by a driveway which 
might ultimately cross to the Metro- 
politan Museum. 

A building of this magnitude will 
give ample space for the ideal develop- 
ment of a museum of natural history. 
As President Osborn has pointed out, 
there are three ways in which the col- 
lections should be exhibited—system- 
atic, geographic and evolutionary. In 
one part of the museum, in accordance 
with the plan that is followed in most 
institutions, animals would be arranged 
for comparative study in accordance 
with their scientific relationships from 
whatever part of the world they may 
have been collected. A geographic 
sequence, as used by Alexander Agassiz 
in the Harvard Museum of Comparative 
Zoology, is equally instructive. The 
animal life of each region is shown 
together. The plan is especially well 
adapted to anthropological exhibits. 
Not less important than the distribu- 
tion in space is the evolution in time, 
and an impressive series of connecting 
halls is planned for the fourth floor of 
the east side of the building, where the 
visitor can pass from the dawn of life 
through the ages of molluscs, of fishes, 
of amphibians, of reptiles and of mam- 
mals, until the age of man is reached. 

A great museum has two objects, 
neither of which can be subordinated 
to the other. It aims, on the one hand, 
to arrange exhibits which are instruc- 
tive and interesting to the public and, 
on the other, to advance science by its 
expeditions and the study of its col- 
lections. Under the long and devoted 
presidency of Mr. Morris K. Jesup, 
with Dr. Hermon C. Bumpus as di- 
rector during the later years, the Amer- 
ican Museum accomplished much in 
both directions, but the main emphasis 
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was placed on the educational side. It! young were born and reared. At about 


has led in artistic methods of mounting 
animals and exhibiting groups and has 
perhaps more than any other museum 
developed public lectures and relations 
with the schools of the city. Under 
President Henry F. Osborn, elected to 
the office in 1908, and under Dr. F. A. 
Lucas, elected director in May of this 
year, we may be sure that the popular- 
ization of the exhibits will be carried 
forward, while at the same time every 


effort will be made to draw to the | 


museum officers of the highest scien- 
tific standing and to give them full 
opportunity to use its resources and 
collections for the advancement of 
science. 


THE PROTECTION OF THE FUR 
SEALS 


THE fur seal treaty signed at Wash- | 


ington this month by representatives 
of the United States, Great Britain, 
Russia and Japan is the solution of a 
problem of much scientific and prac- 
tical interest and at the same time an 
important extension of international 
arbitration. By the treaty the United 
States and Russia agree to give Canada 
and Japan thirty per cent. of the skins 
of the seals killed on the rookeries on 
condition that they will refrain from 
pelagic sealing. The powers agree to 
admit no skins the origin of which is 
unknown, and steps are to be taken to 
persuade other countries to prevent the 
use of their flags on the high seas by 
poachers. Provision is made for the 
patrol of the waters by representatives 
of the nations concerned. The agree- 
ment is to last for fifteen years and 
thereafter until it is denounced by one 
of the powers. 

There is thus settled a problem that 
for many years has offended humani- 
tarian sentiment and has even been in 
danger of causing international com- 
plications. In the year 1882 there were 
more than two million seals which went 
annually in the spring to the Pribilof 
and Commander Islands, where their 


that time pelagic sealing, or the killing 
of seals on the high seas, came into 
vogue, the number of skins taken in- 
creasing from 10,000 in 1881 to 62,000 
in 1894. It is said that for each skin 
taken, probably four seals are killed 
and lost. Eighty per cent. of the seals 
killed in this way are pregnant fe- 
males, which at the same time are nurs- 
ing their pups on shore, and the death 
| of each sacrifices three lives. It is no 
wonder, consequently, that the whole 
number of seals has now been reduced 
| to 150,000 and that they, like the sperm 
| Whale, are in danger of extinction. 
|The seals on their breeding grounds 
ean be treated like other domestic 
-animals. The seal is polygamous and 
|each male tries to obtain a harem of 
| from ten to one hundred females. As 
|there are an equal number of males, 





| most of them can not succeed; they are 
| isolated by the other males, and can 
| be driven off like a flock of sheep and 
killed without injury to the herd, in- 
| deed, with benefit to it, as the fighting 
between the males and the incidental 
killing of females and young is thus 
prevented. 
Since 1870 the United States govern- 
ment has received about ten million 
dollars by leasing the right to kill 
superfluous males on the Pribilof 
Islands—a larger sum than was paid 
. for Alaska. In 1893 an agreement was 
made by which Canadians undertook 
' not to engage in pelagic sealing within 
| sixty miles of the Pribilof Islands, 
| Russia and the United States having 
already forbidden this practise to their 
| citizens. It was, however, found pos- 
sible to engage in pelagic sealing at 
| greater distances from the islands, and 
| the greatest difficulty was caused by 
'the Japanese, who were not a party to 
|the agreement, engaging in pelagic 
|sealing within three miles of the 
islands. In 1909 the Japanese pelagic 
| fleet consisted of 23 vessels compared 
|with five from Canada. Hence the 
| need of the new treaty, which has been 
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the eminent astrophysicist, born in Ireland in 1826, died in London on July 5, 1911. 
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so happily executed. A _ little while 
since, it is not likely that the United 
States would have paid Japan to re- 
frain from killing animals which we 
regard as ours. The execution of such 
a treaty promises well for the possi- 
bility of similar efforts to preserve the 
sperm whales and for engaging in 
other enterprises of international con- 
servation. 


SCIENTIFIC ITEMS 


WE record with regret the death of 
Dr. Carl Beck, of St. Mark’s Hospital, 
New York City; of Dr. I. W. Black- 
burn, pathologist at Washington, and 
of Sir Rupert Boyce, professor of 
pathology in the University of Liver- 
pool. 


Dr. RoBERT A. HarPER, professor of 
botany in the University of Wisconsin, 
has been elected Torrey professor of 
botany at Columbia University.—Mr. 
Leonhard Stejneger has been appointed 
head curator of the department of biol- 
ogy in the U. S. National Museum to 
succeed Dr. F. W. True. 


Dr. ABRAHAM JACOBI, emeri!is pro- 
fessor in Columbia University, was 
elected president of the American Med- 
ical Association, at the Los Angeles 
meeting.—Professor William G. Ray- 
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mond, dean of the College of Applied 
Science at the State University of 
Iowa, has been elected president of the 
Society for the Promotion of Engineer- 
ing Education. 


THE University of Géttingen has 
conferred the honorary degree of doc- 
tor of philosophy upon Professor Albert 
A. Michelson, head of the department 
of physics at the University of Chi- 
cago, and retiring president of the 
American Association for the Advance- 
ment of Science.—The George Wash- 
ington University has conferred the 
honorary degree of doctor of medicine 
on Dr. L. O. Howard, chief of the 
Bureau of Entomology and permanent 
secretary of the American Association 
for the Advancement of Science, for 
‘*distinguished services to science in 


relation to preventive medicine.’’ 


THE building named for Dr. Edward 
Williams Morley at the Western Re- 
serve University and devoted to the 
departments of chemistry and geology, 
occupied this year for the first time, 
was opened for formal public inspec- 
tion during commencement week. The 
building contains a tablet, bearing 
testimony to Dr. Morley’s work in 
science, and to his thirty-seven years 
of active service in Western Reserve 
University. 

















